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[57] ABSTRACT 

The present invention pertains to novel inhibitors of cyclin- 
dependent kinases (CDKs), particularly CDK/cyclin 
complexes, which inhibitors can be used to control prolif- 
eration and/or differentiation of cells in which the inhibitors 
are introduced. More specifically, the inhibitors of the inven- 
tion are chimeric proteins which include CDK-bindiog 
motifs from two or mare different proteins. For example, the 
subject chimeric proteins can be generated from the in-frame 
fusion of coding sequences from two different CDK inhibi- 
tor proteins, such as may be derived from fusion of coding 
sequences far an INK4 protein and coding sequences for a 
CD? protein. Chimeric proteins of the present invention have 
been observed to be more potent inhibitors of cyclin/CDK 
complexes man were either of the portions of the chimeric 
protein individually. 

37 Chums, No Drawings 
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INHIBITORS OF CELL-CYCLE regulated by the tumor suppressor which is mutated in 

PROGRESSION, AND USES RELATED approx, 50% of all human cancers. tf.V** 1 **' may mediate 

THFRFTO the ramor suppressor activity of p53 at the level of cyclin- 

dependent kinase activity. pie ft ^ hmi is the product of a 

BACKGROUND OF THE INVENTION 5 tumor suppressor gene localized to the 9p21 Locus, which is 

frequently rrmtatrd in human cancer cells. 

The cell division cycle is one of the most fundamental of ^ the. various kinases, the CDK4/cyclin D complexes 

processes in biology which, in r m i ffi crilnla r organisms, are known to play an important role in regulating cell cycle 

ensures the controlled generation of cells with specialized progression in early Gl. These complexes function as inte- 

ftiDCtions. Under normal growth conditions, cell prolifera- iQ ^ yaI ioa$ growth factor-induced extracellular srig- 

tion is tightly regulated in response to diverse intra- and nals and as a link between the different signal transduction 

extracellular signals. This is achieved by a complex network pathways and other cy din-dependent kinases. The expres- 

of proto-oncogenes and tu^nor- suppress or genes that are sion of the cyclin Dl positive regulatory subunit, is deregu- 

oampooents of various signal transduction pathways. Acti- latcd by gcnc translocations, retroviral insertions and ampli- 

vation of a proto-oncogcne(s) and/or a loss of a minor {5 fimrinim m parathyroid adenomas, lymphomas, esophageal 

suppressor gcne(s) can lead to the unregulated activity of the and carcinomas. The targeted overcxpression of 

cell cycle machinery. This, in ram, will lead to unregulated D j m mc mam^ epithelium of transgenic mice 

cell proliferation and to the acctminlauon of genetic errors induces mammary adenomas and adenocarcinomas. This 

which ultimately will result in the development of cancer connrms that cyclin Dl, when ovcrcxprcsscd, acta as an 

(Pardee, Science 246:603-608, 1989). w oncogene (Wang et al. ? Nature 369:669-671, 1994). These 

In the eukaryotic cell cycle a key role is played by the data supports the idea that the lack of functional p 16 /nM/Af7:yi 

cycUn-dependent kinases (CDKs). Cdk complexes are or the overcxpression of cyclin Dl leads to the deregulation 

formed via the association of a regulatory cyclin subunit and of CDK4/cyclin Dl kinase activity and thereby contribute to 

a catalytic kinase subunit. In mammalian cells, the combi- uncontrolled cell proliferation. 

nation of the kinase subunits (such as cdc2, CDK2, CDK4 ^ The prominent role of CDK/cyclin kinase complexes, in 

or CDK6) with a variety of cyclin subunits (such as cyclin particular, CDK4/cyciin D kinase complexes, in the indue- 

A, Bl, B2, Dl, D2, D3 or E) results in the assembly of tf on 0 f ^ proliferation and their deregulation in tumors, 

functionally distinct kinase complexes. The coordinated makes them ideal targets for developing highly specific 

activation of these complexes drives the cells through the anti-proliferative agents, 

cell cycle and ensures the fidelity of the process (Draetta, ^ c t ivrvr abv nv tut; TxrvT7>mnNr 

Trends Biochem. Sci 15:378-382, 1990; Sherr, Cell SUMMARY OP THE INVENTION 

73:1059-1065, 1993). Each step in the cell cycle is regulated In one aspect, the present invention relates to a nucleic 

by a distinct and specific cyclin-dependent kinase. For acid comprising a nucleotide sequence encoding a chimeric 

example, complexes of Cdk4 and D-type cyclins govern the polypeptide having at least two CDK-binding motifs derived 

early Gl phase of the ceB cycle, while the activity of the ^ from different proteins which bind to cyclin dependent 

CDK2/cyclin B complex is rate limiting for the GL to kinases (CDKs). The chimeric polypeptide binds to CDKs 

S-phasc transition. The CDK2/cyclin A kinase is required for and inhibits cell-cycle progression, 

the progression through S-phasc and the cdc2/cyclin B The chimeric polypeptide can be a fusion protein, ox can 

complex controls the entry into M -phase (Sherr, Cell be generated by chemically cross-linking the CDK-binding 

73:1059-1065, 1993). « motifs. 

The CDK complex activity is regulated by mechanisms Id preferred embodiments, at least one of the CDK- 

such as stimulatory or Inhibitory phosphorylations as well as binding motifs is a CDK-binding motif of a CDK inhibitor 

the synthesis and degradation of the kinase and cyclin protein, such as an INK4 protein, e.g., pl5, plo\ pl8 and 

subunit themselves. Recently, a Link has been established pl9, or a OP protein, e.g., pal™, p27 XH ' 1 , and p51 En . 

between the regulation of the activity of cyclin-dependent 45 However, it will be understood that other CDK-binding 

kinases and cancer by the discovery of a group of CDK motifs may be useful Indeed, the CDK-binding motif of the 

inhibitors including the p27* an , p2l w<VCipl and $16'**" INK4 proteins is characteristized by tandemly arranged 

mtsi proteins. The activity of p2l Hf?riyc ^ 1 is regulated ankyrin-like sequences, which sequences exist in other pro- 

transcriptionalry by DNA damage through the induction of teins and, for those which are able to bind a CDK, can be 

p53, senescence and quiescence (Harper et al., Cell 50 used to generate the subject chimeric r^teins. Likewise, the 

75:805-816, 1993). The inhibitory activity of pTJ npl is CDK-binding motif can be a p2Up27 Inhibitory domain of 

induced by the negative growth factor TGF-p* and by contact a protein which has some homology with the CUP protein 

inhibition (Polyak et al, Cell 78:66-69, 1994). These family. An exemplary crurneric protein of the present inven- 

proteins, when bound to CDK complexes, inhibit their tion is designated by SEQ ID No. 2, and encoded by the CDS 

kinase activity, thereby inhibiting progression through the 55 designated in SEQ ID No. 1. 

cell cycle. Although their precise mechanism of action is . In preferred embodiments, the CDK-binding motifs of the 

unknown, it is thought that binding of these inhibitors to the chimeric protein have different binding specificities, relative 

CDK/cyclin complex prevents its activation. Alternatively, to one and other, far cyclin dependent kinases. For instance, 

these inhibitors may interfere with the interaction of the the chimeric protein can be generated with a CDK-binding 

enzyme with its substrates or its cof actors. motif from a protein which binds to and inhibits a CDK 

While p2l Wttn/c ^ 1 and p27** 1 inhibit all the CDK/cyclin involved in progression of the cell cycle in G 0 and/or G t 

complexes tested P16 / " M/ " rn , pl5, pL8 and pi 9 block phase, and another CDK-binding motif from a protein which 

exclusively the activity of the CDK4/cyclin D and CDK67 binds to and inhibits a CDK involved in progression of the 

cyclin D complexes in the early GL phase (Serrano et at, cell cycle in S, G 3 and/or M phase, That is, the cfiimeric 

Nature 366:704-707, 1993), by either preventing the inter- 65 protein will bind to and inhibit a plurality (two or more) of 

action of Cdk4 and Cyclin Dl, or indirectly preventing cyclin dependent kinases which are active in different phases 

catalysis. As mentioned above, the p2 1 Wtfl/aip is positively of the cell-cycle. 
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Id most embodiments, the nucleic acid will further 
include a transcriptional regulatory sequence for controlling 
transcription of the nucleotide sequence encoding the chi- 
meric polypeptide, eg., the transcriptional regulatory 
sequence is operabry linked to a chimeric gene encoding the 
chimeric polypeptide. Far example, the present invention 
specifically contemplates recombinant transfection systems 
which include: (i) a gene construct including a nucleic add 
encoding a chimeric polypeptide comprising CDK-binding 
motifs from two or more different proteins which bind to 
cyclin dependent kinases, and operably linked to a transcrip- 
tional regulatory sequence for causing expression of the 
chimeric polypeptide in eukaryotic cells, and (ii) a gene 
delivery composition for delivering the gene construct to a 
cell and causing the cell to be transfected with the gene 
construct For example, the gene construct can be derived 
from a viral vector, such as an adenoviral vector, an adeno- 
associatcd viral vector or a retroviral vector. In such 
embodiments, the gene delivery composition comprises a 
recombinant viral particle. In other embodiments, the gene 
construct can be delivered by such means as a liposome or 
a poly-cationic nucleic acid binding agent. For in vivo 
delivery to a mammal, such as a human, the gene delivery 
composition will further include a pharmaceutically accept- 
able carrier for adminstration to an animal, and, as 
necessary, will be a sterile preparation and substantially free 
of pyrogenic agents. 

The present invention also pertains to preparations of such 
chimeric polypeptides. e.g. ? polypeptides which are gener- 
ated from CDK-binding motifs from two or more different 
proteins which bind to cyclin dependent kinases. In pre- 
ferred embodiments, the chimeric polypeptide is formulated 
in pharmaceutically acceptable carrier for delivery to a 
mammal . For example, the chimeric polypeptide can be 
formulated in liposomal preparations. 

Still another aspect of the present invention related to 
transgenic animals which have cells harboring a nucleic acid 
one of the subject fusion proteins. 

The practice of the present invention will employ, unless 
otherwise indicated, conventional techniques of cell biology, 
cell culture, molecular biology, transgenic biology, 
microbiology, recombinant DNA, and immunology, which 
are within the skill of the art Such techniques are explained 
fully in the literature. See, far example, Molecular Cloning 
A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch 
and Maniau's (Cold Spring Harbor Laboratory Press: 1989); 
DNA Cloning. Volumes I and H (D. N. Glover ed., 1985); 
Oligonucleotide Synthesis (M. J. Gait ed, 1984); Mullis et 
el US. Pat No: 4,683,193; Nucleic Add Hybridization (B. 
D. Hames & S. J. Higgins eds. 1984); Transcription And 
Translation (B. D. Hames & S. J. Higgins eds. 1984); 
Culture Of Animal Cells (R. L Freshney, Alan R. liss, Inc., 
1987); Immobilized Cells And Enzymes (TKL Press, 1986); 
B. Perbai, A Practical Guide To Molecular Cloning (1984); 
the treatise, Methods In Enzymology (Academic Press, Inc., 
N.Y.); Gene Transfer Vectors Far Mammalian Cells (J. H. 
Miller and M P. Caios eds., 1987, Cold Spring Harbor 
Laboratory); Methods In Enzymology, Vols. 154 and 155 
(Wu et al. eds.), Immunochcmic-al Methods In Cell And 
Molecular Biology (Mayer and Walker, eds., Academic 
Press, London, 1987); Handbook Of Experimental 
Immunology, Volumes I-IV (D. M. Weir and C. C. 
BlacfcwelL eds., 1986); Manipulating the Mouse Embryo, 
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
N.Y, 1986). 

DETAILED DESCRIPTION OF THE 
INVENTION 

Progression of eukaryotic cells through the cell cycle is 
governed by the sequential formation, activation, and sub- 
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sequent inactivatioa of a series of cyclin/cychn dependent 
kinase complexes. The mechanisms underlying the expres- 
sion of cyclins and the activation of the different cyclin- 
CDK complexes needed for progression through successive 

5 cell cycle transitions are now fairly well understood. In 
addition to positive regulation by the activation of cyclin- 
CDK complexes, negative regulation of the cell cycle occurs 
at checkpoints, many of which operate to control formation 
of cyclin/CDK complexes and/or activation of the com- 

{0 plexes. Accordingly, these transitions are negatively regu- 
lated by signals that constrain the cell-cycle until specific 
conditions are fulfilled. Entry in to mitosis, for example, is 
inhibited by incompletely replicated DNA or DNA damage. 
These restriction on cell-cycle progression are essential far 

l3 preserving the fidelity of the genetic information during cell 
division. The transition from G 2 to S phase, on the other 
hand', axtrdinates cell proliferation with environmental 
cues, after which the checks on the cell -cycle progression 
tend to be cell autonomous. Disruption of these signaling 

w pathways can uncouple cellular responses from environmen- 
tal controls and may lead to unrestrained cell proliferation or 
abherrent loss of differentiation. 

The present invention pertains to novel inhibitors of 
cy din-dependent kinases (CDKs), particularly CDK/cyclin 

25 complexes, which inhibitors can be used to control prolif- 
eration and/or differentiation of cells in which the inhibitors 
are introduced. More specifically, the inhibitors of the inven- 
tion are chimeric proteins which include CDK-binding 
motifs from two or more different proteins. For example, as 

30 set forth in greater detail below, the subject chimeric pro- 
teins can be generated from the in-frame fusion of coding 
sequences from two different CDK Inhibitor proteins 
(genericaUy refered to herein as "CKT proteins), such as 
may be derived from fusion of coding sequences for an 

35 INK4 protein and coding sequences for a QP protein. 
Moreover, as the appended examples describe, chimeric 
proteins of the present invention have been observed to be 
more potent inhibitors of cyclin/CDK complexes than were 
either of the portions of the chimeric protein individually. 
For instance, p27-pl6 chimeric proteins inhibited a cyclin 
D1/CDK4 complex with an IC50 more than two-fold less 
than p27 alone, and ten-fold less than pl6 alone. Likewise, 
the p27-pl6 crumeric protein inhibited cyclin E/CDK2, 
cyclin A/CDK2 and cyclin B/CDK2 complexes with ICV 3 

45 approximately two-fold less than p27 alone (pi 6 itself not 
having any significant inhibitory activity against any of the 
three complexes). 

Other aspects of the present invention include: prepara- 
tions of the subject chimeric proteins; expression constructs 

$0 for recombinant production of the subject chimeric proteins, 
particularly for use as part of a gene therapy treatment; and 
methods for modulating cell proliferation and/or differen- 
tiation with the subject chimeric proteins. 

For convenience, certain terms employed in the 
ss specification, examples, and appended claims are collected 
here. 

The phrase "CDK-binding motif 1 refers to that portion of 
a protein which interacts either directly or indirectly with a 
cyclin dependent kinase (CDK). The binding motif may be 

60 a sequential portion of the protein, i.e., a contiguous 
sequence of amino adds, or it may be conformational, Le. a 
combination of non-contiguous sequences of amino adds 
which, when the protein is in its native folding state, forms 
a structure which interacts with a CDK. The term i4 CDK- 

65 binding motif explidtly includes any polypeptide which is 
identical, substantially homologous, or otherwise function- 
ally or structurally equivalent to a portion of a CKI protein 
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which hinds directly or indirectly to a CDK or CDK com- 
plex. Other exemplary CDK-binding motifs can be provided 
from, for example, Rb and Rb-Hke proteins as well as 
cychns. 

An "inhibitor of CDK activation" refers to a molecule 
able to interact with a CDK and prevent activation of a 
kinase activity of the CDK either by, for example, inhibiting 
formation of CDK complexes including regulatory subunits, 
inhibiting interaction of the CDK su burnt with activating 
kinases or phosphatases, inhibiting substrate binding, inhib- 
iting ATP binding, and/or inhibiting conformational changes 
required for enzymatic activity. Accordingly, such inhibition 
may be by. a direct, competitive mechanism, or by an 
indirect, non- or uncompetitive mechanism. 

As used herein, the term "CKI protein" refers to a protein 
which can bind to and inhibit activation of a cyclin depen- 
dent kinase. Exemplary CKI proteins include members of 
the INK4 family, such as pie™ 4 or pl5 WJf4ir , and mem- 
bers of the OP family, such as p21 CT1 , oll KIFl , and 

The term *TNK4 protein" refers to a family of structurally 
related CDK inhibitors characterized by a fourfold repeated 
ankyrin-like sequence (ELLedge et aL (1994) Qnx Opin. Cell 
BioL 6:874-878), and the ability to bind to CDKs, especially 
CDK4 and CDK6. Exemplary members of this protein 
family include pl6 (INK4A/MTS1; Serrano et al (1993) 
Nature 366:704-707); pl5 (INK4B; Hamnon et aL (1994) 
Nature 371:257-261); pl8 (Guan et al. (1994) Genes Der. 
8:2939-2952) and pl9 (Chan et aL (1995) MoL Cell BioL 
15:2682-2688; and Hirai et aL (1995) MoL Cell BioL 
15:2672-2681). Other proteins have been identified in the 
art as having tandemly arranged ankyrin-like sequences, 
such as the FhoSlp protein (Ogawa et al. (1995) MoL Cell 
BioL 15:997-1004), and may provide CDK-binding motifs 
which are functionally equivalent to those of an INK4 
protein. 

The term "OP protein" refers to members of another CKI 
protein family which includes p21 c/F1 (WAF1/SDI1/ 
CAP20; Xiong et al. (1983) Nature 36.701-704); pT!* 0 * 1 
(Polyak et aL (1994) cell 78:67-74); and p57 C£pa (Lee et aL 
(1995) Genes Dev. 9:639-349; and Matsuoka et aL (1995) 
Genes Dev. 9:650-662). In addition to the functional char- 
acteristic of CDK inhibition, the CTP proteins each have a 
CDK inhibitory motif (a CDK-binding motif) of about 50 
amino acids, referred to herein as a ^lUtflT* inhibitory 
domain, which is conserved in members of the CUP family, 
as well as, for example, members of the Rb-like protein 
family. 

A "chimeric protein" refers to a protein which Includes 
polypeptide sequences from at least two different and dis- 
tinct proteins. A cfiimcric protein can be a fusion protein, or 
the different polypeptide sequences can be covalently linked 
by a non-peptide bond, e.g., a cross-linking agent 

As used herein, the term "fusion protein" is art recognized 
and refer to a chimeric protein which is at least initially 
expressed as single chain protein comprised of amino add 
sequences derived from two or more different proteins, e.g., 
the fusion protein is a gene product of a fusion gene. 

The art term "fusion gene" refers to a nucleic add in 
which two or more genes are fused resulting in a single open 
reading frame for coding two or more proteins that as a 
result of this fusion are joined by one or more peptide bonds. 

As used herein, the term "nucleic add** refers to poly- 
nucleotides such as deoxyribonucleic acid (DNA), and, 
where appropriate, ribonucleic add (RNA). The term should 
also be understood to include, as equivalents, analogs of 
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either RNA or DNA made from nucleotide analogs, and, as 
applicable to the embodiment being described, single- 
stranded (such as sense or antisense) and double- stranded 
polynucleotides. 
3 As used herein, the term "gene" or "recombinant gene" 
refers to a nucleic add com prisi ng an open reading frame 
encoding a fusion polypeptide of the present invention, 
including both exonic and (optionally) intronic sequences. 
An exemplary recombinant gene encoding a subject fusion 
10 protein is represented by SEQ. ID No: 1. 

As used herein, the term "transfection" means the intro- 
duction of a heterologous nucleic add, e.g., an expression 
vector, into a redpdent cell by nucleic acid-mediated gene 
transfer. 'Transformation*, as used herein with respect to 
13 transfected nucleic add, refers to a process in which a cell's 
genotype is changed as a result of the cellular uptake of 
exogenous DNA or RNA, and, for example, the transformed 
cell expresses a recombinant form of a CDK-inhibitory 
^ fusion polypeptide of the present invention. 

"Expression vector" refers to a repli cable DNA construct 
used to express DNA which encodes the desired protein and 
which includes a transcriptional unit comprising an assem- 
bly of (1) genetic elements) having a regulatory role in gene 
22 expression, for example, promoters, operators, ox enhances, 
operafively linked to (2) a DNA sequence encoding a desired 
protein (in this case, a fusion protein of the present 
invention) which is transcribed into mRNA and translated 
into protein, and (3) appropriate transcription and translation 
jq initiation and termination sequences. The choice of pro- 
moter and other regulatory elements generally varies accord- 
ing to the intended host cell In general, expression vectors 
of utility in recombinant DNA techniques are often in the 
form of "piasmids" which refer to circular double stranded 
iS DNA loops which, in their vector form are not bound to the 
chromosome. In the present specification, "plasmid" and 
"vector" are used interchangeably as the plasmid is the most 
commonly used form of vector. However, the invention is 
intended to include such other forms of expression vectors 
B which serve equivalent functions and which become known 
in the art subsequently hereto 

In the expression vectors, regulatory H rmr nts controlling 
transcription or translation can be generally derived from 
mammalian, microbial, viral or insect genes. The ability to 
4 5 replicate in a host, usually conferred by an origin of 
replication, and a selection gene to facilitate recognition of 
tiansformants may additionally be inccapor a ted. Vectors 
derived from viruses, such as retroviruses, adenoviruses, and 
the like, may be employed. 
50 'Transcriptional regulatory sequence" is a generic term 
used throughout the specification to refer to DNA sequences, 
such as initiation signals, enhancers, and promoters and the 
like which induce or control transcription of protein coding 
sequences with which they are operabry linked. In preferred 
55 embodiments, transcription of the fusion gene is under the 
control of a promoter sequence (or other transcriptional 
regulatory sequence) which controls the expression of the 
recombinant gene in a cell-type in which expression is 
Intended. ft win also be understood that the recombinant 
£0 gene can be under the control of transcriptional regulatory 
sequences which are die same or which are different from 
those sequences which control transcription of one of the 
natuially-occumng forms of a CDK inhibitor protein. 
As used herein, the term "tissue-specific promoter" means 
65 a DNA sequence that serves as a promoter, Le., regulates 
expression of a selected DNA sequence operabry linked to 
the promoter, and which effects expression of the sdected 
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DNA seouence in specific cells of a tissue, such as cells of prefared embodimeots, the chimeric proimn inclndes at 

a urc^enlul origin, e.g.rei^<^,cf-i^cfancuial origin, least the two ankyrin-lita sequence of the C-tenrunal portion 

eTSoul ceUs. T?e torn also coven axaUcd leaky" of ft. ^^^<«.Z^*^^*^ f 

plmoten, which regolate expression of . selected DNA gl 1 ™™* * «gg 3^M-707) 

„ in one tissue, but cause expression in «her tissues , ^f^^^^^^^Z ^ 

M " ^ ' . . . invention include at least the p21/27-related inhibitory 

"Operably linked" when describing the relationship Qf&ap protein, c . g . from p 21, p27 or p57. For 

between two DNA regions simply means that they are example, the chimeric protein can include the CDK- 

fimetioaally related to each other. For example, a promoter ^^^jy corresponding to residues 28-79 of p27, 

or other transcriptional regulatory sequence is operably 10 resi ducs 17-68 of p21, and/or residues 31^82 of p57, though 

linked to a coding sequence if it controls the transcription of iarger fragments may be used such as described in the 

the coding sequence. appended examples. 

"Recombinant host cdls" refers to cells which have been Moreover, CDK-bintfing motifs homologous to those 

transformed or transfected with vectors constructed using ^ occurring in either the INK4 or CUP protein families have 

recombinant DNA techniques- As relevant to fee present bccn observed in other proteins. For example, the p21Vp27- 

invention, recombinant host cells are those which produce related inhibitory domain typical of the CIP protein family 

CDK inhibitor fusion proteins by virtue of having been ^ bcen identified in such other proteins as the Rb-reiated 

transformed with expression vectors ericoding these pro- protein pl07 (Zhu et aL (1995) Genes Der 9:1740-1752). 

teins. 2Q Likewise, ankyiin-like repeats homologous with, the INK4 

As used herein, a "transgenic animal" is any animal, proteins have been identified in such other proteins as the 

preferably a non-human rnammal, a bird or an mn p hirri a n , in Pho81p protein (Ogawa et aL (1995) Mol Cell Biol 

which one or more of the cells of the animal contain 15:997-1004). Consequently, It will be apparent to one of 

heterologous nucleic acid introduced by way of human ordinary skill in the art, based on the disclosure herein, that 

intervention, such as by transgenic techniques well known in ^ functional equivalents of the INK4 and CIP proteins, eg. 

(he art. The nucleic acid is introduced into the ceil, directly which are capable of binding to a CDK and inhibiting kinase 

or indirectly by introduction into a precursor of the cell, by activation, exist and can be provided in the subject chimeric 

way of drlibrrWr- genetic nianipulation, such as by micro- proteins. 

injection or by infection with a reenrnhinant virus. The term Furthermore, it will be understood that the subject cbi- 
genetic manipulation does not include classical cross- ^ mer jc proteins can include CDK-binding motifs from pro- 
breeding, or in vitro fertilization, but rather is directed to the tcilis unrelated to either the INK4 family or OP family, 
introduction of a recombinant DNA molecule. This mol- Moreover, such CDK-binding motifs, while inhibitory in 
ecule may be integrated within a chromosome, or it may be ^ Q f themselves, can be derived from proteins which are 
extrachromosomally replicating DNA. In the typical trans- otherwise activating in their lull length form. To illustrate, 
genie animals described herein, the trans gene causes cells to 3J ^ subject chimeric protein can be generated with a frag- 
express a recombinant form of a CDK inhibitory fusion ment 0 f a cydin which retains its CDK binding ability but 
promin. The term "chimeric animal** is used herein to refer DOt me CDK activating ability characteristic of the full 
to animals in which the recombinant gene is found, or In length protein. In some instances it may be necessary to 
which the recombinant is expressed in some but not all cells introduce an unstnictured polypeptide linker region between 
of the animaL The term "tissue-specific chimeric animal" ^ portions of the chimeric protein derived from different 
indicates that the recombinant gene is present and/or proteins. This linker can facilitate cnhanccdflexibiEty of the 
expressed in some tissues but not others. chimeric protein allowing the CDK-binding motifs from 

"Homology" refers to sequence similarity between two each portion to freely and (optionally) simultaneously inter- 

pepudes or between two nucleic add molecules. Homology act with a CDK by reducing steric hindrance between the 

can be determined by comparing a position in each sequence 43 two fragments, as well as allowing appropriate folding of 

which may be aligned for purposes of comparison. When a each portion to occur. The linker can be of natural origin, 

position in the compared sequence is occupied by the same such as a sequence determined to exist in random coil 

base or amino acid, then the molecules are homologous at between two domains of a protein. Alternatively, the linker 

that position. A degree of homology between sequences is a can be of synthetic origin. For instance, the sequence 

function of the number of matxbing or homologous positions ^ (Gly 4 Ser) 3 can be used as a synthetic unstructured linker, 

shared by the sequences. Linkers of this type are described in Huston et al. (1988) 

One aspect of the invention pertains to a nucleic acid PNAS 85:4879; and U.S. Pat. Nos. 5,091,513 and 5,258, 

having a nucleotide sequence encoding a chimeric CDK 498- Naturally occurring unstructured linkers of human 

inhibitor protein, and/or equivalents of such nucleic acids. In origin are preferred as they reduce the risk of immunoge- 

gcneral, me imclek acM is derived by 35 nicity. 

coding sequences from two or more proteins which have Techniques for making fusion genes are well known. 

CDK-iiuiibitory motifs, such motifs being preserved in the Essentially, the joining of various DNA fragments coding for 

resultant chimeric protein. Accordingly, such chimeric pro- different polypeptide sequences is performed in accordance 

teins can be derived to include, for example, CKI promin with conventional techniques, employing blunt-ended or 

sequences, such as from INK4 or CXP proteins. For instance, » stagger-ended termini for ligation, restriction enzyme diges- 

as described in the appended examples, a coding sequence tion to provide for appropriate termini, filling-in of cohesive 

providing the CDK-binding motif of an INK4 promin can be ends as appropriate, alkaline phosphatase treatment to avoid 

fused in frame to a coding sequence providing a CDK- undesirable joining, and enzymatic ligation. In another 

binding motif of a OP promin. einboaiment, the fusion gene can be synthesized by con- 
Exemplary nucleic acid of the present invention encode 65 ventional techniques including automated DNA synmesiz- 
fusion proteins which include at least a CDK-binding por- ers. Alternatively, PGR anmlification of gene fragments can 
tion of an INK4 protein, such as p!5, pl6, pl8 or pl9. In be carried out using anchor primers which give rise to 
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complementary ovexfazngs between two consecutive gene vectors. For instance, suitable vectors fox expression of a 
fragments which can subsequently be annealed to generate fusion protein of the present invention include plasmids of 
a fusion gene sequence (see, for example Current Protocols the types: pBR322-derived plasmids, pBMBL-derived 
j? M °k£?? r Biology ' cds " Aasubel rt ^ John Wdey & plasmids, pEX-derived plasmids, pBTac-derived plasmids 
ions: 1992). 5 and pUC-derived plasmids for expression in prokaryotic 

The term nucleic acid as used herein is intended to include cc n Si such as E. cdL 
nucleotide sequences encoding functionally equivalent chi- . ' . . . 

meric proteins which, for example, retain the Aflity to bind M A °* VCCtt ?f MSt *f ^^SK^^S!? 1 " 

to a cyclin-dependent K ^uivalenTnVcleotide ^ litems in yeasL For m5tance. YEP24, Y1P5, YEP51, 
sequences will include sequences that differ by one or more in Y rf 5 ,' pY !~T *T.F . are domn8 and «P"*«°a 
nucleotide substitutions, additions or deletions, such as vehicles useful m the introduction of genetic constructs into 
allelic variants; and will, therefore, include sequences that tSUT^, Jf' * ^ < 1983 > * 
differ from the nucleotide sequence of, for example, an Experiramal Manipulation of Gene Expression, ed M. 
INK4 or CUP gene known in the art due to the degeneracy of In0Uye Acadcmic P" 83 >- Thc5C vcctors can replicate 
the genetic code. Equivalents wfll also inctote nudeotidc ,< m * cob *» fee P 1 " 6 *" of P 81 * 322 and ' m 
sequences that hybridize under stringent conditions (Lc, cwv " w f *"? to me «P«<*«» determinant of the yeast 2 
equivalent to about 20°-27° C below the melting tempera- micron plasmuL In addition, drug resistance markers such as 
ture(TJ of the DNA duplex formed in about 1 M salt) to "nma^ can be used. 

the nucleotide sequence encoding a naruraUy -occurring The preferred mammalian expression vectors (other than 
CDK-binding motif. Fiirthermore, equivalent nucleic acids M for gene therapy) contain both prokaryotic sequences to 
will include those with nucleotide sequences which differ facilitate the propagation of the vector in bacteria, and one 
from the natural sequence which encodes a CDK-binding 011 morc eukaryotic transcription units that are expressed in 
motif because of degeneracy in the genetic code. For eukaryotic cells. The pcDNAl/amp, pcDNAI/neo, pRc/ 
example, a number of amino acids are designated by morc 

CMV, pSV2gpt, pS V2neo, pSV2-dhfr ( pTk2, pRSVneo, 
than one triplet. Codons that specify the same amino acid ^ pMSG. pSVT7, pko-neo and pHyg derived vectors are 
can, accordingly, be used to replace codons in the naturally- examples of mammali an expression vectors suitable for 
occurring sequence. transfection of eukaryotic cells. Some of these vectors are 

This invention also provides expression vectors compris- modified with sequences from bacterial plasmids, such as 
ing a nucleotide sequence encoding a subject CDK inhibitor pBR322, to facilitate replication and drug resistance selec- 
chimeric protein and operably ifahwi to at least one regu- M tion ^ prokaryotic and eukaryotic cells. Alternatively, 
latory sequence. Regulatory sequences arc art-recognized derivatives of viruses such as the bovine papilloma virus 
and are selected to direct expression of the fusion protein. (BPV' 1 )* <* Epstein-Barr virus (pHEBo, pREP-derived and 
Accordingly, the term regulatory sequence includes p205 ^ uscd for tangent expression of proteins in 

promoters, enhancers and other expression control elements. eukaryotic cells. 

Exemplary regulatory sequences are described in Goeddel; 35 111 some instances, it may.be desirable to express the 
Gene Expression Technology: Methods in Enzymology 185, subject fusion protein by the use of a baculovirus expression 
Academic Press, San Diego, CA(1990). For instance, any of system. Examples of such baculovirus expression systems 
a wide variety of expression control sequences-sequences include pVL- derived vectors (such as pVL1392, pVL1393 
that control the expres sion of a DNA sequence when opera- and pVL941), pAcUW-derived vectors (such as pAcUW IX 
tively linked to It may be used in these vectors to express « ^ pBlaeBac-derived vectors (such as the 0-gal containing 
DNA sequences encoding the fusion proteins of this inven- pBlueBac UTy 

tion. Such useful expression control sequences, include, for The various methods employed in the preparation of the 
example, the early and late promoters of SV40, adenovirus plasmids and transformation of host organisms are well 
or cytomegalovirus irranedJate early promoter, the lac known in the art For other suitable expression systems for 
system, the tip system, the TAC or TRC system, T7 pro- 45 both prokaryotic and eukaryotic cells, as well as general 
rooter whose expression is directed by T7 RNA polymerase, recombinant procedures, see Molecular Cloning: A Labora- 
thc major operator and promoter regions of phage lambda, tory Manual, 2nd Ed., ed. by Sambrook, Frits ch and Mania- 
thc control regions for fd coat protein, the promoter for tis (Cold Spring Harbor Laboratory Press: 1989) Chapters 
3-phosphoglycerate kinase or other glycolytic enzymes, the 16 and 17. 

promoters of add phosphatase, e.g., Pho5, the promoters of 50 Another aspect of the present invention concerns prepa- 
the yeast a-roating factors, the polyhedron promoter of the rations of the subject chimeric proteins. In particular, puri- 
baculovirus system and other sequences known to control fled and semi-purified preparations of the CDK inhibitors 
the expression of genes of prokaryotic or eukaryotic cells or can be formulated according to specifications attendant the 
their viruses, and various combinations thereof. Of course, desired use of the chimeric protein, 
the transcriptional regulatory sequences can include those „ With respect to purifying the subject chimeric proteins, 
sequences which naturally control expression of one of the AppKcantlSes matfcfa wSely appreciated that addSon of 
EL^rf J?^?" ™ ProtCm ' SUChaSy fituUdDg certain heterologous sequences toVpTotein can facilitate the 
^2 iT.T^ ■ : cxpre^on and purification of the osteins. For example, a 

It should be understood mat the design of the expression fusion promin of the present invention can be generated to 
vector may depend on such factors as the choice of the host 60 also include a glutathione-S-traiisferase (GST) polypeptide 
cdl to be transformed and/or the type of protein desired to sequence. The GST portion of the recombinant rSoteinfcan 
be expressed. Moreover, the vector's copy number, the enable easy purification of me protein, such as by the use of 
ability to control that copy number and the expression of any glutathione-derivativlzed matrices (see, for example, Cur- 
other proteins encoded by the vector, such as antibiotic rent Protocols in Molecular Biology, eds. Ausabel ct al. 
markers, should also be considered. 65 John Wiley & Sons, 1991)). In another ernbodiment, 

Expression vehicles for production of recombinant forms the subject fusion protein can also include a purification 
of the subject chimeric proteins include plasmids and other leader sequence, such as a poly-(His)/enterokinase cleavage 
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rite sequence located at the N-tenmnus of the subject fusion obtained as the N-hydroxy sulfosuccinimide analogs, which 
trotein. Such sequences facilitates purification of the poly generally have greater water solubility. In addition, those 
(HisVexpressed fusion protein by affinity chromatography cross-linking agents having disulfide bridges within the 
using a Ni** metal resin. The purification leader sequence linVing chain can be synthesized instead as the alkyl deriva- 
can then be subsequently removed by treatment with enter- 5 tives so as to reduce the amount of linker cleavage in vive. 
olrinase (eg., see Hochuli et aL (1987) J- Omunatography fc addition ( 0 the heterobifunctional cross-linkers, there 
411:177; and Janknecht et al. PNAS 88:8 972). exists a number of other cross-linking agents including 
The present invention further pertains to methods of homobifunctional and photorcactive cross-linkers. Disuc- 
producing die subject chimeric proteins. Far example, a host HnimM yl substrate (DSS), bisjnaleirrridohexane (BMH) and 
cell transfected with a nucleic acid vector directing expres- 10 dimcthylpimclimidate 2 HQ (DMP) are examples of useful 
sion of a nucleotide sequence encoding one of the chimeric homobifunctional cross-linking agents, and bis-[|H4- 
proteins of the present invention can be cultured under a zidosalicylamido)ethyl]disulfide (BASED) and 
appropriate conditions to allow expression of the polypcp- N-succiriirmdyl^^'-azido^'-mtxopheo 
tide to occur. The peptide may be secreted and isolated from (SANPAH) are examples of useful photoreactive cross- 
a mixture of host cells and medium by inclusion of a signal 15 ifofen for use in this invention. For a recent review of 
secretion sequence. Alternatively, the peptide may be protein coupling techniques, see Means et aL (1990) Bio- 
retained cytoplasmically and the cells harvested, lyscd and conjugate Chemistry 1:2-12, incorporated by reference 
the protein isolated. A cell culture includes host cells, media herein. 

and other byproducts. Suitable media for cell culture are 0ac particularly useful class of heterobifunctional cross- 
well known in the art. The recombinant chimeric promin can 20 liters, included above, contain the primary amine reactive 
be isolated from cell culture medium, host cells, or both group/N-hydraxysuccdnimide (NHS), or its water soluble 
using techniques known in the art for purifying proteins analog N-hydroxy sulfosuccinimide (sulfo-NHS). Primary 
including ion-exchange chromatography, gel filtration (lysine epsilon groups) at alkaline pH's are unpro- 
chrom&tography, ultrafiltration, electrophoresis, and tonated react by nucleophilic attack on NHS or sulfo- 
immuno-aflSnity purification with antibodies specific for 23 ^teis. This reaction results in the formation of an 
portions of the chimeric protein. amide bond, and release of NHS or sulfo-NHS as a 

This invention also pertains to a host cell transfected to by-product 

recombinantly express one of the subject chimeric proteins. pother reactive group useful as part of a heterobifunc- 

The host cell may be any prokaryotic or eukaryotic elL Thus, doQal cross _ linkcr is a thiol reactive group. Common thiol 

a nucleic acid derived from the fusion of coding sequences 30 fMCtive groups include maleimides, halogens, and pyridyl 

for two or more CDK-binding motifs from <Uffaent proteins ^^d^. Maleimides react specifically with free sulfhydr- 

can be used to produce a recombinant form of the chimeric (cysteine residues) in minutes, under slightly acidic to 

protein via microbial or eukaryotic cellular processes. Ligat- ncutral 6.5-7.5) conditions. Halogens (iodoacetyl 

ing me polynucleotide sequence into a gene construct, such fancdoDS ) ^act with — SH groups at physiological pH*s. 

as an expression vector, and transforming or transfecung 35 fioth Qf reactive groups rcsuit m the formation of 

into hosts, either eukaryotic (yeast, avian, insect or stflb le thioether bonds. 

mam 5 flUan) < L Pr0 ^° tiC ^IttHuS'nl' ^Sf The third component of the heterobifunctional cross- 
procedures used in producing ^^^^^^ linker is the sr^ceTann or bridge. The bridge is the structure 
^•>P^P21,P27,P57 , P 107 '^^^^*"f" „ that connects^ two reactive ends. The most apparent 
procedures, or mentions thereof, can be employed to « is its effect on steric hindrance. In 
prepare recombinant ^chimeric proteins by n^W ^ somc instanccs , a i^ger bridge can more easily span the 
or tissu^culture technology m accord with the subject ^n^ncccsstiy to Lk ^o complex biomoliuleT For 
invention. instance, SMPB has a span of 14.5 angstroms. 

The chimeric molecules of the present invention can also ^ t . . . , . v,;*.™^™, 

be derated using well-known aoss-linkinB reagents and 45 Preparing proton-conjugates using hrterobifunctional 

oe generarea using wcujuivwu «v » reagents is a two-step process involving the amine reaction 

protocols For ^^ f tec ^^^.^^^ and the sulfhydryTreaction. For the first step, the amine 

agents are heterobifunctional cross-linkers, which can be so , . , . T „ ~,u~- k^k 

■* , „ , , , • * ' w-l .« b wfhn^ not contain free sulfhydryl groups. In cases where both 

used to link molecules ui a stepwise manner. Heterooirunc- . 7™ . ' . " Mm 

dflc coupling method* fa coojuga^g proton .hereby ^o^X^ytaaMtmde et al. (1983) 

btnoo-protcio polymers. A ^. v ^° f J£^£. 55 iZ-^agtnt be3«. calculate to quantity of 
boud juntos ™ Wd u> to = a* ^ ^ u^ude. ^ ^ (s « for aa] ^ lt 

(4-iodoacetyl) aminebenzoate (SIAB), succimmidyl 4-(p- fio herein). 

maleimidophenyl) butyrate (SMPB), l-ethyl-3-(3- The reaction buffer should be free of extraneous amines 
dimemylaniinopropyl) c^rbodiimide hydrochloride (EDC); and sulfhydryls. The P H of the reaction buffer should* 
4^uccim^dybxy«uiK)nyl- a-methyl-a-(2-pyridyldithio)- 7.0-7.5. Ttiis pH range prevents maleimide groups from 
tolune (SMPT), N-sua±nmiayl 3K2-pyridyldithio) propi: reacting with amines, preserving the maleimide group for 
onate (SPDP), succinimidyl 6-[3-(2-pyridyldithio) 65 the second reaction with sulfhydryls. 
propionatelhexanoato (LC-SPDP). Those cross-linking The NHS-estcr containing cross-linkers have limited 
agents having N-hydroxysucrimmide moieues can be water solubility. They should.be dissolved in a ininimal 
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amount of organic solvent (DMF or DMSO) before intro- be appropriate for the desired route of administration of the 
during the cross-linker into the reaction mixture. The cross- pharmaceutical preparation. Hie use of such media for 
linker/solvent farms an emulsion which will allow the pharmaceuticaliy active substances is known in the art- 
reaction to occur. Except insofar as any conventional media or agent is incom- 
The sulfo-NHS ester analogs are mare water soluble, and 5 patible with the activity of the chimeric protein, its use in fee 
can be added directly to the reaction buffer. Buffers of high pharmaceiitical preparation of the invention is contemplated, 
ionic strength should be avoided, as they have a tendency to Suitable vrfu J dts 2 nd , formulation inclusive of other 
-salt ouT the sulfo-NHS esters. To avoid loss of reactivity f m for cxa ^ c ' m mc , b «* Remm 8- 
due to hydrolysis, the cross-linker is added to the reaction ^ » Pharmaceuucal ^ces (Remington's Pharcnaceuti- 
mixtnre LJdiately after d^tvmg mV^so^r io fences. Mack Publishing Company, Easton, Pa., USA 

The reactions can be more efficient in concentrated pro- to ^ exemplary embodiment, the chimeric protein is 

tem solutions. The more alkaline the pH of the reaction provided for transmucosal or transdermal deKvery. For such 

mixture, the faster the rate of reaction. The rate of hydrolysis adininistration, penetrants appropriate to the barrier to be 

of the NHS and sulfo-NHS esters will also increase with permeated are used in the formulation with the polypeptide, 

increasing pH. Higher temperatures will increase the reac- 15 Such penetrants are generally known In the art, and include, 

tion raies for both hydrolysis and acylation. for example, for transmucosal adininistration bile salts and 

Once the reaction is completed, the first protein is now fusidic acid derivatives. In addition, detergents may be used 

activated, with a sulfhydryl reactive moiety. The activated t0 facilitate permeation. Transmucosal administration may 

protein may be isolated from the reaction mixture by simple. °e mrou 8 n sprays, or using suppositories. For topical 

gel filtration or dialysis. To carry out the second step of the 20 »<toiinistration, the proteins of the invention are formulated 

cross-linking, the sulfhydryl reaction, fee protein chosen for ^to ointmcilts ' B ds > <* creams as generally known in 

reaction with rnaleirnidcs, activated halogens, or pyridyl ™eart 

disulfides must contain a free sulfhydryl, usually from a Yet aoolher as P ect oft he invention pertains to methods of 

cysteine residue. Free sulfhydryls can be generated by treating proliferative and/or differcntiative disorders which 

reduction of protein disulfides. Alternatively, a primary 23 arise from cells which, despite aberrant growth control, still 

amine may be modified wife Traut's Reagent to add a r ^ uirc onc 01 ■«« 05X5 CDK4 or CDK6) for cell 

sulfhydryl (Blattler et aL (1985) Biochem 24:1517, incor- growth. Thcrc 816 a widc variety of pathological cell pro- 

porated by reference herein). Again, Ellman's Reagent can Ufcrativc conditions for which the fusion gene constructs of 

be used to calculate the number of sulfhydryls available in ™ P cexnt invcntioa Fovide therapeutic benefits, with 

protein 30 the general strategy being me inhibition of an anomalous 

In all cases, fee buffer should be degassed to prevent CtD P^™** Fcr J"*™* * c 8 cnc constructs of the 
oxidation of sulfhydryl groups. EDTA may be added to V^\™enh<m can be used as a part of a gene therapy 
chelate any oxidii^mSVt may be "present in fee "^i" *t£ZZ*?? 7«^J"**» 

buffer. Buffers should be free of any sulmydryl containing „ " " 5^1"^ fa 
compounds. 35 which signal transduction pathways upstream of the protein 

Maleimides react specifically with -SH groups at slfehtly ^ d ysfuDC*onal To illustrate, cell types which exhibit 

. , * , ^««iicauy wiui an groups at sugnuy pathological or abnormal growth presumably dependent at 

"f- J ranges (6^-73). A «utral pH « feast in part on a function ofMNIM or OP p^oSndude 

sufficient for reactions involving halogens and pyndyl dis- v^^^ ^ lcukcn ^ psoriasis> £ n e ^ 
iiffides. Under these conditions, maleimides generally react « fibroprolifcrativc such « involving connective 

with -SH groups wifein a matter of minutes. Longer tissX atherosclerosis and other smooth muscle prolifera- 

reaction tones are required for halogens and pyndyl distil- tivc „ wcfl M ^c j/addition 

_ , , ... to proliferative disorders, fee treatment of differcntiative 

The first sulfhydryl reacuve-protein prepared in the amine disorders which result from, for example, dVdifferentiation 
reaction step is mixed with the ofeTiydrylKxmtaining protein 4S of tissue which may (optionally) be accompanied by abor- 
under the appropriate buffer conditions. The protein-protein tivc reentry into mitosis. Such degenerative disorders 
conjugates can be isolated from fee reaction mixture by include chronic neurodegenerative diseases of the nervous 
methods such as gel filtration or by dialysis. system, including Alzheimer's disease, Parkinson's disease, 

For certain of the therapeutic uses of the subject chimeric Huntington's chorea, amyotrophic lateral sclerosis and the 
proteins, particularly cutaneous uses such as for the control 50 like, as well as spinocerebellar degenerations. Other differ- 
of keratinocyte proliferation, direct administration of the entiative disorders include, for example, disorders associ- 
protein will be appropriate (rather than use of a gene therapy ated with connective tissue, such as may occur due to 
construct). Accordingly, the subject chimeric protein, or a de-differentiation of chondrocytes or osteocytes, as well as 
pharmaceuticaliy acceptable salt thereof, may . be conve- vascular disorders which involve de-differentiation of endot- 
nientiy formulated for administration with a biologically 53 helial tissue and smooth muscle cells, gastric ulcers char- 
acceptable medium, such as water, buffered saline, polyol acterized by degenerative changes in glandular cells, and 
(for example, glycerol, propylene glycol, liquid polyethyl- rC nal conditions marked by failure to differentiate, eg. 
ene glycol and the like) or suitable inixtures thereof. In Wilm's tumors. It will also be apparent that, by transient use 
preferred embodiments, the chimeric protein is dispersed in of gene therapy constructs of the subject fusion proteins, in 
lipid formulations, such as miscelles, which closely 60 vivo reformation of tissue can be accomplished, eg. in the 
resemble the lipid composition of natural cell memhranes to development and maintenance of organs. By controlling the 
which the chimeric protein is to be delivered. proliferative and differentiativc potential for different cells, 

The optimum concentration of the active ingredients) in fee subject gene constructs can be used to reform injured 
the chosen medium can be detenmned empirically, accord- tissue, or to improve grafting and morphology of trans- 
ing to procedures well known to medicinal chemists. As 65 planted tissue. For example, fee subject CDK inhibitors can 
used herein, "biologically acceptable medium" includes any be employed therapeutically as part of a regimen to regulate 
and all solvents, dispersion media, and (he like which may organs after physical, chemical or pathological insult 
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Furthermore as described in the art, transformation of a the safety of their use, particularly with regard to the 
cell can be due in part to a loss-of-function mutation to a possibility of the spread of wild-type virus in toe cell 
□articular INK4 eeoe, e.g., ranging from a point mutation to population. The development of specialized cell lines 
Erss deletion of the gene. Additionally, other data suggests (termed -packaging cells") which produce only rephcation- 
Sat certain disorders may arise because cells have lost the 3 defective retroviruses has increased the utility of retrovi- 
abiiity to induce expression of an INK4 gene. Normal cell ruses for gene therapy, and defective retroviruses are well 
proliferation, far instance, is generally marked by respon- characterized for use in gene transfer for gene therapy 
siveness to negative autocrine or paracrine growth purposes (for a review see Miller, A. D. (1990) Blood 
regulators, such as members of the TGF-p" family, eg. 76:271). Thus, recombinant retrovirus can be constructed in 
TGF-©1, TGF-p2 or TGF-fJ3, and related polypeptide w which part of the retroviral coding sequence (gag, pol, env) 
growth inhibitors. Ordinarily, control of cellular prolifera- has been replaced by nucleic acid encoding one of the 
uon by such growth regulators, particularly in epithelial and subject CCR-protcins, rendering the retrovirus replication 
hemopoietic cells, is in the form of growth inhibition. defective. The replication defective retrovirus is then pack- 
Moreover, as described in Harmon and Beach (1995) Nature aged into virions which can be used to infect a target cell 
371:257-261, TGF-p inhibits cell proliferation by inducing 15 through the use of a helper virus by standard techniques, 
expressions of pl5, which in turn inhibits activation of Protocols for producing recombinant retroviruses and for 
CDK4 or CDK6 complexes. infecting cells in vitro or in vivo with such viruses can be 
has been observed mat a significant percentage of found in Current Protocols in Molecular Biology, Ausubel, 
human cancers derived from cells types ordinarily inhibited F. M. et aL (eds.) Greene Publishing Associates, (1989), 
by TGF-p display a reduced responsiveness to this growth x Sections 9.10-9.14 and other standard laboratory manuals, 
regulator. For instance, some tumors of colorectal, liver Examples of suitable retroviruses include pLJ, pZIP, pWE 
epithelial, and epidermal origin show reduced sensitivity and pEM which are well known to those skilled in the art 
and resistance to the grc^-inhibitory effects of TGF-p as Examples of suitable packaging virus lines for preparing 
compared to their normal counterparts. In this context, a both ecotropic and amphotropic retroviral systems include 
noteworthy characteristic of several retinoblastoma cell ^ yCrip, lyCre, x/2 and yAm. Retroviruses have been used to 
lines is the absence of detectable TGF-p receptors. Treat- introduce a variety of genes into many different cell types, 
ment of such minors with the subject fusion proteins pro- including neural cells, epithelial cells, endothelial cells, 
vides an opportunity to numic the TGF-p inhibitory signal. lymphocytes, myoblasts, hepatocytes, bone marrow cells, in 
Moreover, it will be appreciated that the subject method can vitro and/or in vivo (see for example Eglitis, et aL ( 1985) 
be used generally to inhibit proliferation of cells which, in 30 Science 230:1395-1398; Danos and Mulligan (1988) Proa 
general, are still reliant on cyclin dependent kinases. Natl. Acad ScL USA 85:6460-6464; Wilson et aL (1988) 

In accordance with the subject method, expression con- Proc. Natl. Acad. ScL USA 853014-3018; Armcntano ct aL 

structs of the subject fusion proteins may be a&ninistered in (1990) Proc. Natl. Acad ScL USA 87:6141-6145; Hubcr et 

any biologically effective carrier, e.g. any formulation or aL (1991) Proc. NatL Acad Sci. USA 88:8039-4043; Ferry 

composition capable of effectively transfecting cells in vivo 35 et aL (1991) Proc. Natl. Acad. Sci. USA 88:8377-8381; 

with a recombinant fusion gene. Approaches include inser- Chowdhury et aL (1991) Science 254:1802-1805; van 

tion of the subject fusion gene in viral vectors including Beuscchem et aL (1992) Proc NatL Acad Sci. USA 

recombinant retroviruses, adenovirus, adcoo-associated 89:7640-7644; Kay et aL (1992) Human Gene Therapy 

virus, and herpes simplex virus- 1, or recombinant bacterial 3:641-647; Dai et aL (1992) Proc. NatL Acad. Scl USA 

or eukaryoticplasmids. Viral vectors can be used to transfect « 89:10892-10895; Hwu et al. (1993) J. Immunol, 

cells directly; plasmid DNA can be delivered with the help 150:4104-4115; U.S. Pat No. 4,868,116; U.S. Pat No. 

of for example, cationic liposomes (lipofectin) or deriva- 4,980,286; PCT Application WO 89/07136; PCT Applica- 

foed (e.g. antibody conjugated), polylysine conjugates, gra- tion WO 89/02468; PCT Application WO 89/05345; and 

macidin S, artificial viral envelopes or other such intracel- PCT Application WO 92/07573). 

Hdar carriers, as well as direct injection of the gene construct 45 In choosing retroviral vectors as a gene delivery system 

or CaP0 4 precipitation carried out in vivo. It will be for the subject fusion proteins, it is important to note that a 

appreciated that because transduction of appropriate target prerequisite for the successful infection of target cells by 

cells represents the critical first step in gene therapy, choice most retroviruses, and therefore of stable introduction of the 

of the particular gene delivery system will depend on such recombinant gene, is mat the target cells must be dividing, 

factors as the phenotype of the intended target and the route 50 In general, this requirement will not be a hindrance to use of 

of administration, eg. locally or systemically. retro vital vectors to deliver the subject fusion gene con- 

A preferred approach for in vivo introduction of nucleic structs. In fact, such limitation on infection can be beneficial 

acid encoding one of the subject fusion proteins into a cell in circumstances where the tissue (e.g. nontransformed 

is by use of a viral vector containing nucleic acid, e.g. a cells) surrounding the target cells does not undergo exten- 

cDNA, encoding the gene product Infection of cells with a 55 srveccll division and is therefore refractory to infection with 

viral vector has the advantage that a large proportion of the retro vital vectors. 

targeted cells can receive the nucleic acid. Additionally, Furthermore, it has been shown that it is possible to limit 

molecules encoded within the viral vector, e.g., by a cDNA the infection spectrum of retroviruses and consequently of 

contained in the viral vector, are expressed efficiently in cells rctrovital-based vectors , by modifying the vital packaging 

which have taken up viral vector nucleic acid. 60 proteins on the surface of the vital particle (see, for example 

Retrovirus vectors and adeno-assodated virus vectors are PCT publications W093/25234, WO94/06920, and W094/ 

generally understood to be the recombinant gene delivery 11524). For instance, strategies for the modification of the 

system of choice for the transfer of exogenous genes in vivo, infection spectrum of retroviral vectors include: coupling 

particularly into humans. These vectors provide efficient antibodies specific for cell surface antigens to the viral env 

delivery of genes into cells, and the transferred nucleic acids 65 protein (Roux et al. (1989) PNAS 86:9079-9083 ; Julan et aL 

are stably integrated into the chromosomal DNA of the host (1992) J. Geo Virol 73 3251-3255; and Goud et aL (1983) 

A major prerequisite for the use of retroviruses is to ensure Virology 163:25 1-254); or coupling cell surface ligands to 
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the vital cnv proteins (Neda ct aL (1991) J Biol Chem ViroL 63:3822-3828; and McLaughlin ct aL (1989) J. ViroL 

266:14143-14146). Coupling can be in the form of the 62:1963-1973). Vectors containing as little as 300 base pairs 

chemical cross-Unking with a protein or other variety (eg. of AAV can be packaged and can integrate. Space fbr 

lactose to convert the env protein to an asialoglycoprotein), exogenous DNA is limited to about 4.5 M>. An AAV vectar 

as well as by generating fusion^proteins (e.g. single-chain 5 such as that described in TYatschin et aL (1985) MoL CelL 

anbbody/envftjsion rn^> This teduuque, whfle useful BioL 5:3251-3260 can be used to introduce DNA into cells, 

to limit or otherwise direct the infection to certain tissue A variety of nucleic acids have been introduced into different 

yes, and canako beused to convert in ecotropic vector in cell types using AAV vectors (see for example Hennonat et 

to an anisotropic vector. ^ (19g4) Nafl> Acad ^ USA n:6466 ^ 70; 

Moreover, use of retroviral gene delivery can be further 10 Tratschto et aL (1985) MoL CelL BioL 4:2072-2081; Won- 

enhanced by the use of tissue-or cell-specific transcriptional disford et aL (1988) MoL EndocrinoL 2:32-39; Tratschin et 

regulatory sequences which control expression of the fusion ^ (1984) j, ViroL 51:611-619; and Flotte et aL (1993) J. 

gene of the retroviral vector. 3^ 2683781-3790). 

■ ^T* JS? 8Cfl , C ^ VC ^ Stem ^ iD ^ C Other viral vector systems that may have application in 

invenhon utilises adcaovirus^nved vectors. The genome „ gcnc therapy have been derived from herpes vh£s, vaccinia 

of an adenovirus can be mampulated such that it encodes a vinjs , Several RNA viruses, In particular, herpes virus 

geneprodnct of interest, but is inachvatt i B terms of its vectors may provide a unique strategy for perist^expres- 

dilltiytDn^ ^ of J 5 ^ jcct foZ proteins in ceSstfte^S 

?^?^Q' A(1 SJS2^yi M ?!^ nervou, sy 5 tcmandc^ t^ C (Peposc etaL (1994) Invest 

n^Vm ^ff S^fii? 41 *! et aL 20 Ophthalmol Vis Sd 35:2662-2666) 

(1992) Cell 68:143-155). Suitable adenoviral vectors T JJW . . . ' 

derived from the adenovirus strain Ad type 5 d!324 or other ^ addition to viral transfer methods, such as those ilhis- 

strains of adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are well above non-viral methods can also be employed to 

known to those skilled in the art. Recombinant adenoviruses c ! use c ^" sion of a sub J cct fafiio11 P^loms in the tissue 

can be advantageous in certain circumstances in that they are « of 311 anlmaI Most nonviral methods of gene transfer rely on 

not capable of infecting nondividing cells and can be used to Donml mechamsms used bv mammalian cells for the uptake 

infect a wide variety of cell types, including airway epithe- and moacellular transport of macromolecules. In preferred 

lium (Rosenfeld ct aL (1992) cited supra), endothelial cells f^bodiments, non-viral gene delivery systems of the present 

(Umarchand et aL (1992) Proc NatL Acad. Set USA mvcntxon 011 cndoc y tic Pathways for the uptake of the 

89:6482-6486), hepatocytes Herz and Gerard (1993) Proc 30 S^.^ f ar ? rt J cd 1 ccU - ^ c ^f^ g«« delivery systems 

NatL Acad Sd. USA 90:2812-2816) and muscle cells of this type indude liposomal derived systems, poly-lysine 

(Quantio et aL (1992) Proc. Natl. Acad Sd. USA ^J"*^ ^d artificial viral envelopes, 

89:258 1-2584). Furthermore, me virus particle is relatively 10 a representative embodiment, a gene encoding one of 

stable and amenable to purification and concentration, and 106 subject fusion protdns can be entrapped in liposomes 

as above, can be modified so as to affect the spectrum of 35 tearing positive charges on their surface (e.g., Upofectins) 

infectivity. Additionally, introduced adenoviral DNA (and (optionally) which are tagged with antibodies against 

foreign DNA contained therein) is not integrated into the ^ surface antigens of the target tissue (Mizuno et aL 

genome of a host cell but remains episomaL, thereby avoid- U 992 ) No Shinkti Gcka 20:547-551; PCT publication 

ing potential problems that can occur as a result of inser- WO91/06309; Japanese patent application 1047381; and 

u'onal mutagenesis in situations where introduced DNA 40 ^ uro P ean patent publication EP-A-43075). For example, 

becomes integrated into the host genome (e.g., retroviral hpofection of neuroglioma cells can be carried out using 

DNA). Moreover, the carrying capadty of the adenoviral liposomes tagged with monodonal antibodies against 

genome for foreign DNA is large (up to 8 kilobases) relative glioma- associated antigen (Mizuno et aL (1992) Neurol, 

to other gene delivery vectors (Berkner et at, supra; Haj- Med * Cnir - 32:873-876). 

Ahmand and Graham (1986) J. ViroL 57:267). Most 45 In yet another illustrative embodiment, the gene delivery 

replication-defective adenoviral vectors currently in use and system comprises an antibody or cell surface ligand which 

therefore favored by the present invention are deleted far all is cross-linked with a gene binding agent such as polylysine 

or parts of the viral El and E3 genes but retain as much as (see, for example, PCT publications WO93/04701, W092/ 

80% of the adenoviral genetic material (see, eg., Jones et aL 22635, WO92/203 1 6, W092/19749, and WO92/06180). For 

(1979) Cell 16:683; Berkner et aL, supra; and Graham ct aL so example, the subject gene construct can be used to transfect 

in Methods in Molecular Biology E. J. Murray, Ed. hepatocytic cells in vivo using a soluble polynucleotide 

(Humana, Clifton, NJ, 1991) voL 7. pp. 109-127)i Expres- carrier comprising an asialogrycoprotein conjugated to a 

sion of me inserted fusion gene can be under control of, for polycation, e.g. poly-lysine (sec VS. PaL No. 5,166320). It 

example, the E1A promoter, the major late promoter (MLP) will also be appredated that effective delivery of the subject 

and associated leader sequences,. the E3 promoter, or exog- 55 nuddc add constructs via receptor-mediated endocytosis 

enousfy added promoter sequences. can be improved using agents which enhance escape of the 

Yet another viral vector system useful far delivery of the gene from the endosomal structures. For instance, whole 

subject fusion gene is the adeno-assodated virus (AAV). adenovirus or fusogenic peptides of the influenza HA gene 

Aden o- associated virus is a naturally occurring defective product can be used as part of the delivery system to induce 

virus that requires another virus, such as an adenovirus or a 60 effident disruption of DNA-containing en do somes 

herpes virus, as a helper vims for effident replication and a . (Mulligan et aL (1993) Sdence 260-926; Wagner et aL 

productive life cycle. (For a review see Muzyczka et aL (1992) PNAS 89:7934; and Christiano et aL (1993) PNAS 

Curr. Topics in Micro, and ImraunoL (1992) 158:97-129). It 90:2122). 

is also one of the few viruses that may integrate its DNA into In clinical settings, the gene delivery systems can be 

non-dividing cells, and exhibits a high frequency of stable 63 introduced into a patient by any of a number of methods, 

integration (sec for example Flotte ct aL (1992) Am. J. each of which is familiar in the art For instance, a pharma- 

Respir. CelL MoL BioL 7 349-356; Samulski et aL (1989) J. ceutical preparation of the gene delivery system can be 
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introduced systemicaUy, eg. by intravenous injection, and after surgery for malignant glioma, the mortality and mor- 

speciflc transduction of the target cells occurs predominantly tddity rates have not substantially improved. However, there 

from specificity of transfection provided by the gene celiv- is increasing experimental and clinical evidence that for a 

cry v chide, cell -type or tissue-type expression due to the significant number of gliomas, loss of TGP-p responsive- 

transcriptional regulatory sequences controlling expression 5 ness is an important event in the loss of growth controL 

of the gene, or a combination thereat In other embodiments, Irrespective of the cause of decreased responsiveness, eg. 

initial delivery of the recombinant gene is more limited with the loss of function of pl5 or the loss of other TGF-p signal 

introduction into the animal being quite localized. For transduction proteins, exogenous expression of, for 

example, the gene delivery vehicle can be introduced by example, an INK4 fusion protein such as pl5/p27 fusion 

catheter (see U.S. Pat No. 5328,470) or by stereotactic 10 protein in the cell can used effectively to inhibit cell prolif- 

injection (eg. Chen et aL (1994) PNAS 91: 3054-3057). eration. 

Moreover, the pharmaceutical preparation can consist essen- jj ^ been demonstrated that gene therapy can be used to 

tially of the gene delivery system in an acceptable diluent, wgei glioma cells far expression of recombinant proteins 

or can comprise a slow release matrix in which the gene (Mi yao & & (1993) J. NeuroscL Res. 36:472-479; Chen et 

delivery vehicle is imbedded. Alternatively, where the com- 15 ^ (1994) PNAS 913054-3057; and Takamiya et aL (1993) 

plete gene delivery system can be produced in tact from j Neurosurg. 79:104-110). Thus, a gene construct for 

recombinant cells, e.g. retroviral packages, the pharmaceu- expressing the subject fusion protein can be delivered to the 

tical preparation can comprise one or more cells which tumor, preferably by sterotactic-dependent means. In pre- 

produce the gene delivery system. In the case of the latter, embodiments, the gene delivery system is a retroviral 

methods of introducing the viral packaging cells may be 30 vector. Since rapidly growing normal cells are rare in the 

provided by. far example, rechargeable or biodegradable adull glioma cells can be specifically transduced with 

devices. Various slow release polymeric devices have been a recombinant retrovirus. For example, the retroviral particle 

developed and tested in vivo in recent years for the con- can bc delivered into the tumor cavity through an Ommaya 

trolled delivery of drags, including proteinacious qj alternatively, packaging fibroblasts 

Kopharmaceuticals, and can be adapted for release of viral 2 5 encapsulated in retrievable immunoisolatory vehicles can be 

particles through the manipulation of the polymer compo- introduced into the minor cavity. In order to increase the 

sition and form. A variety of mocompatible polymers effectiveness and decrease the side effects of the retrovirus- 

(including hydrogels), including both biodegradable and me diated gene therapy, glioma-specific promoters can be 

non-degradable polymers, can be used to form an implant used to ,-eguiate expression of the therapeutic gene. For 

for the sustained release of an the viral particles by cells 30 example, the promoter regions of glial fibrillary acidic 

implanted at a particular target site. Such embodiments of pjotein (GFAP) and myelin basis protein (MBP) can oper- 

the present invention can be used for the delivery of an ab j y fa^a to the fusion gene in order to direct glial 

exogenousry purified virus, which has been incorporated in cell-specific expression of the fusion protein. 

**f^ c OT f ° T T * C ^7^1^ 2^" * another embodiment, gene therapy can be used in 

produced by a cell encapsulated in the polymeric device. 35 Mnjun ^ on ^ m mc OTDjcrt 

By choice of monomer composition or polymerization Qf yariaus .^inomiks. In a representative embodiment, a 

technique, the amount of water, porosity and consequent mcn|pv ^^5^ ^ subject fusion gene is 

permeability characteristics can be controlled. The selection uscd tQ ccrtftin breast ^ncm. In preferred 

of the shape, size, polymer, and method for implantation can cmbo< iiments, expression of the subject fusion protein is 

be determined on an individual basis according to the 40 controllcd at least in part by a rnarnmary-specific promoter, 

disorder to be treated and the individual patient response. Q numbcr of whicn available (for review, see Her- 

The generation of such implants is generally known in the migh^eD (1990) Protein Expression and Purification 

art See, for example, Concise Encyclopedia of Medical & ^ MdGtinzbe ™ etal.{1992)Biochern J283:625-«2). 

Dental Materials, ed. by David Williams (MTT Press: , * . _ . ^ _ . , . . . ' 

STidge, MA, 1990); and the Sabel et aL US. PaL No. 45 ^^l^^^^T A T^^ 

ilw^^nomer er^odiment of an implant, . source of «y rf * c ^ject fusion promin can be uscd in the treatment 

4,mj,ooo. in awwicr cracuuuucui ui *u " ' ' , , of malignant melanoma, which also serves as a model for 

cells producing the recombinant virus is encapsulated in „„„ a -72- • , T f . 

, , ^VTT?i 0l . fl . e „„„ ^ ~L*™m progressive TGF-B resistance in transformation. In preferred 

implantable hollow fibers. Such fibers can be pre-span ana *^ ^ J ? ^ ^ . i„*„«™*„.„* A f „.u 

T 1 j_j ... ^ • , _ /aJL;*^~ »t «i embodiments, gene therapy protocols for treatment of mela- 

subsequently loaded with the viral source (Aebischer et al. vmuvu^u « & f\ . ,. nf ^ „ 

.71, J„ xcQooQ. A^^K^r ~t *i !T1 Pur Nft w nomas indude,m addition to the dehvery of the fusion gene 

and Acb^j^.(1991)J. Biomech. Eng. 113.178-1^) ceUsand can be used in accordance with the 

or can be co-extruded with a polymer which acts to form a 1UW ^~7"~. 

polymeric coat about the vital packaging cells qJmVS.Pat ss presentuxvaaion ', . . u A . A _ _ + 

No 4391 909* Sefton U.S- PaL No. 4353,888; Sugamori et The subject fusion proteins can be used in the treatment 

al (1989) Trans. Am. Artif. Intern. Organs 35:791-799; of hyperproliferative vascular disorders, e.g. smooth muscle 

Sefton eta. (1987) Biotechnol. Bioeng. 29: 1D5-1143 ; and hyperplasia (such as atherosclerosis) or restinosis, as well as 

Aebischer eta. (1991) Biomaterialfi 12:50-55). Again, other disorders characterized by fibrosis, e.g. rheumatoid 

manipulation of the polymer can be cairie4 out to provide 60 "thritis, insulin dependent diabetes mellitus, 

for optimal release of viral particles. glcroeniloncphritis, cirrhosis, and scleroderma, particularly 

To further illustrate the use of the subject method, the P*^xative disorders in which loss of TCT-jJ autot^e <* 

therapeutic application of a CDK inhibitor fusion protein, paracrine signaling, and accordingly loss of pl5 function, is 

eg., by gene therapy, can be used in the treatment of a implicated 

neuroglioma. Gliomas account for 40-50% of intracranial 65 For example, restinosis continues to limit the efficacy of 

tumors at all ages of life. Despite the increasing use of coronary angioplasty despite various mechanical and phar- 

radiothcrapy, chemotherapy, and sometimes immunotherapy maceutical interventions that have been employed. An 
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important mechanism involved in normal control of intmul rise to hair fibers through rapid proliferation and complex 

proliferation of smooth muscle cells appears to be .the differentiation. The hair cycle involves three distinct phases: 

induction of autotrine and paracrine TGF-(3 inhibitory loops anagen (growing), catagen (regressing), and telogen 

in the smooth muscle cells (Scott-Burden et aL (1994) Tex (resting). The epidermal stem bells of (he hair follicle are 

Heart Inst J 21 3 1-97; Graiger et al (1993) Cardiovasc Res 5 activated by dermal papilla daring late telogen. This is 

27:2238-2247; and Grainger et al. (1993) Biochem termed "bulge activation". Moreover, such stem cells are 

J294: 109-1 12). Loss of sensitivity to TGF-p, or thought to be pluripotent stem cells, giving rise not only to 

alternatively, the overriding of mis inhibitory stimulus such . hair and hair follicle structures, but also the sebaceous gland 

as by PDGF autostimulation, can be a contributory factor to and epidermis. The subject method provides a means for 

abnormal smooth muscle proliferation in restinosis. It may 10 altering the dynamics of the hair growth cycle to induce 

therefore be possible to treat or prevent restinosis by the use quiescence of proliferation of hair follicle cells, particularly 

of gene therapy with CDK inhibitor fusion promin of the stem cells of the hair folh'de, mhibiting CDK activation, 

present invention. The fusion gene construct can be For instance, gene therapy treatments or, alternatively, 

delivered, for example, by percutaneous transluminal gene topical administration of a fusion protein preparation, can be 

transfer (Mazur et al. (1994) Tex Heart Inst J 21:104-111) is employed as a way of reducing the growth of human hair as 

using viral or liposomal delivery compositions. An cxem- opposed to its conventional removal by anting, shaving, or 

plary adenovirus-mediated gene transfer technique and com- deptlation. For instance, the present method can be used in 

positions for treatment of cardiac or vascular smooth muscle the treatment of trichosis characterized by abnormally rapid 

is provided in PCT publication WO 94/11506. or dense growth of hair, e.g. hypertrichosis. In an exemplary 

Transforming growth factor- p is also understood to play 20 embodiment, the subject fusion proteins can be used to 

a significant role in local glomerular and interstitial sites in manage hirsutism, a disorder marked by abnormal hairiness, 

human kidney development and disease. Consequently, the Application of the CDK inhibitors of the present invention 

subject method provides a method of treating or inhibiting can also provide a process for extending the duration of 

glomerulopathies and other renal proliferative disorders depUation. 

comprising the in vivo delivery and recombinant expression 25 Moreover, because the CDK inhibitor fusion proteins are 

of the subject fusion proteins in kidney tissue. likely to be cytostatic to epithelial cells, rather than 

The subject method can also be used to -treat retinoblas- cytotoxic, these proteins can be used to protect hair follicle, 

to mas in which the retinoblastoma gene (RB) is not itself cells from cytotoxic agents which require progression into 

impaired, e.g. the effective impairment of the RB checkpoint S -phase of the cell-cycle for efficacy, eg. radiation-induced 

is the result of a failure to control CDK4 phosphorylation of 30 death. Treatment with a CDK inhibitor of the present inven- 

RB. Thus, one of the subject fusion proteins can be tion provides protection by causing the hair follicle cells to 

expressed in a retinoblastoma cell, thereby causing inhibi- become quiescent, e.g., by Inhibiting the cells from entering 

tion of CDK4 activation and down-regulating RB phospho- S phase, and thereby preventing the follicle cells from 

rylation. To illustrate, a recombinant retrovirus can be con- undergoing mitotic catastrophe or programmed cell death, 

struct ed to facilitate expression of a fusion protein including 35 For instance, such treatments can be used for patients 

an 1NK4 protein, e.g., derived from pl6 or pl5, and a OP undergoing chemo- or radiation-therapies which ordinarily 

protein, e.g., derived from p21, p27 or p57. Infcctivity of result in hair loss, 

retinoblastoma cells can be enhanced by derivatizing the env The subject method can also be used in the treatment of 

protein with antibodies specific for retinoblastoma cells, eg folliculitis, such as folliculitis decalvans, folliculitis 

antibodies to retinal S-antigen (Doroso et aL (1985) Invest 40 ^erythematosa reticulata or keloid folliculitis. For example, 

Opthalmol Vis Sd 26:560-572; see also Liao et aL (1981) a oo Sm etic prepration of an CDK inhibitory fusion protein 

Eur J Immunol 11:450-454; and U.S. Pat No. 4,444,744). can bc app G ea topically in the treatment of 

In yet another embodiment, the subject gene is delivered pseudofolUculitis, a chronic disorder occurring most often in 

to a sarcoma, eg. an osteosarcoma or Kaposi's sarcoma. In 4J the submandibular region of the neck and associated with 

a representative embodiment, the gene is provided in a viral shaving, me characteristic lesions of which are erythematous 

vector and delivered by way of a viral particle which has papules and pustules containing buried hairs, 

been derivatized with antibodies immunoselective for an m ,; milar fashion, such preparations can be used in the 

osteosarcoma i cd] I (sec, for example, U 5 !. Ffct. Nos, 4,564, treatment of granulomas, e.g. tumor-like mass or nodule of 

Si^ixiSX * (1976) 011100 50 granulation tissue, which may include epithelial tissue 

36:4130-4136). derived from cutaneous or mucosal sources. 

Given the role of CDK activation in various epithelial cell in another aspect of the invention, the subject method can 

proliferative disorders, it will be evident that the subject be used in conjunction with various periodontal procedures 

fusion proteins wfll find ready application for the treatment & which inhibition of epithelial cell proliferation in and 

or prophylaxis of, for example, psoriasis; keratosis; acne; 55 ..round periodontal tissue is desired. For example, prepara- 

comedogenic lesions; verrucous lesions such as verruca tions of the present invention can find application in the 

plana, plantar waits, verruca acaminata, and other verruci- treatment of peridental disease. It is estimated that in the 

form lesions marked by proliferation of epithelial cells; United States alone, there are in excess of 125 million adults 

folliculitis and pscodofollicuhtis; keratoacanthoma; callosi- witn periodontal disease in varying forms. Periodontal dis- 

ties; Dancr s disease; ichthyosis; lichen planus; molluscous «, ease starts as inflammatory lesions because , of specific 

contagiosum; melasma; Fordyce disease; .and keloids or bacteria localizing in the area where the gingiva attaches to 

hypertrophic scars. the tooth. Usually first to occur is a vascular, change in the 

Yet another aspect of the present invention relates to the underlying connective tissue. Inflammation in the conncc- 

use of the subject fusion proteins to control hair growth. The tive tissue stimulates the following changes in the epithelial 

growth of hard keratin, fibers such as wool and hair is 65 lining of the sulcus and in the epithelial attachment: 

dependent on the proliferation of den-eal sheath cells. Hair increased mitotic activity in the basal epithelial layer, 

follicle stem cells of the sheath are highly active, and give increased producing of keratin with desquamation; cellular 
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desquamation adjacent to the tooth surface tends to deepen cular disorders. Examples include chronic atrophies such as 
the pocket; grirh^lial cells of fee basal layer at the bottom, of amyotrophic lateral sclerosis , GuUlaln-Barre syndrome and 
the sulcus and in the area of attachment proliferate into the chronic peripheral neuropathy, as well as other diseases 
connective tissue and break up of the gingival fibers begins which can be manifest as progressive bulbar palsies or spinal 
to occur, wherein dissolution of the connective tissue results 3 muscular atrophies. Moreover, the use of (he subject fusion 
in the formation of an open lesion. The application of CDK gcnc mcrap y constructs is amenable to the treatment of 
inhibitor preparations to the periodontium can be used to disorders of the cerebellum which result in hypotonia or 
inhibit proliferation of epithelial tissue and thus prevent ataxia* such as those lesions in the cerebellum which pro- 
further periodontDclastic development duce disorders in the limbs ipsilateral to the lesion. For 
In yet another embodiment of the present invention, (he 10 instance, pl6/p27 fusion gene constructs can used to treat a 
subject CDK inhibitors can be used to inhibit spennatoge- restricted form of cerebellar cortical degeneration involving 
nesis or oogenesis by inhibiting progression through mitotic the anterior lobes (vermis and leg areas) such as is common 
or melotic cell-cycle stages. The antimitotic and/or anti- ^ alcoholic patients. 

meiotic activity of the fusion proteins identified in (he Furthermore, the subject fusion proteins can also be used 
present invention may accordingly be used, for example, in 15 ^ mc t^tm^ G f autonomic disorders of the peripheral 
With control methods by disrupting oogenic pathways in nerYOUS system, which include disorders affecting the inner- 
order to prevent the development of either the egg or sperm, vadon ^ ^^th n^dc an d endocrine tissue <such as 
or by preventing mflotic progression of a fertilized egg. glandular tissue). For instance, recombinant fusion protein 

In a still further emrxxUroent, the subject fusion protein is 0 f me present invention can be expressed by gene therapy 
recombinantly expressed in tissue which is characterized by 20 and used to treat tachycardia or atrial cardiac arrythmias 
unwanted de- differentiation and which may also be under- which may arise from a degenerative condition of the nerves 
going unwanted apoptbsis. For instance, many neurological innervating the striated muscle of the heart 
disorders arc associated with degeneration of discrete popu- ^ ^ ^ C nt, thc subject gene constructs can be 
lations of neuronal dements. For example, Alzheimer s used to expression of the fusion polypeptides in cells 
disease is associated with deficits in several neurotransmitter 25 _ gattd in culture, e.g. to produce proteins or 
systems, both those that project to the neocortex and those ' lypcptidcS) Including fusion proteins or polypeptides, for 
that reside with the cortex. For instance, the nucleus basalts on . u additioB) rccomb inant expression of the 

in patients with Alzheimer s disease were observed to have su5ject polypeptides in cultured cells can be useful 
a profound (75%) loss of neurons compared to age-matched foj differentiation states of cells in vitro, for 

controls. Although Alzheimer s disease is by far fee most 30 mstancCj by mc icvcl 0 f activation of a CDK. To 

common form of dementia, several other disorders can mustratC) ^ vitro ncurona i culture systems have proved to 
produce dementia. Many are age-related, occurring in far ^ mndamental indispensable tools for the study of 
greater incidence in older people than in younger. Several of neura] development as wcU as the identification of nco- 
these are degenerative diseases characterized by the death of TOtI ^ factorSt 0ncc a neuronal cell has become 
neurons in various parts of the central nervous system, 35 termmally-differentiatcd, it typically will not change to 
especially the cerebral cortex. However, some forms of anothcr ^^0^ differentiated cell-type. However, neu- 
dementia are associated with degeneration of the fcalamus r0Qal ^ ^ nevertheless readily lose their differentiated 
or fee white matter underlying the derebral cortex. Here, the ^ ^ ^ observe d when they are grown in 

cognitive dysfunction results from the isolation of caracal culturc from adult ^suc, and when they form a blastema 
areas by the degeneration of efferents and afferent*. Hun- « d . regeneration. By preventing the activation of one or 
tington's disease involves the degeneration of Intranatal morc particularly in G Q or Gl, certain of the subject 
and cortical cholinergic neurons and GABAergic neurons. ^ ^ m progression and hence 

Pick's disease is a severe neuronal degeneration in the ^ a means fflr €nsurin ^ adcquatcly restrictive 

neocortex of the frontal and antenor temporal lobes, some- environment in order to maintain neuronal cells at various 
times accompanied by death of neurons in the striatum. 45 mKCS 0 f differentiation, and can be employed, for instance, 
Acccttdingly, the subject fusion proteins can be delivered to ^ ^ cuftuTes designed to test the specific activities of 
the effected tissue by gene therapy techniques. It 15 noted Wc factQB dssuc systcms which require 

that numerous advances have been made in the construction maintenance of differentiation will be readily apparent to 
of expression vectors, cellular and viral transgene earners, mose ^ me ^ ^ ^ rcspc( ^ ea ch of the sub ject 

and the characterization of target ceUs for neuronal gene 50 antaeonist of CDK 4 activatioTfcan bcZZ ft for *r "™ 
therapy, and can be readily adapted for delivery of the ;^* atlOD- as & exanaJ i e Ili_a ] h aIce the generation of 



subject genes (see, far example, Suhr et aL (1993) Arch 
Neurol 50:1252-1268; Jiao et al. (1993) Nature 



generation, as ici^atamplc^ to ffnhanre the generation 
prosth etic tissue devices for implantation. That is, hy inhih- 

. , „ . lHngtfae activat ion of a CDK with on e of the subject fusion 

362:45(M53; Frie^mann (1TO Ann ^24^411-417; and ^SES^^^T^bc ^ along certein diffe r- 

Freese et aL (1991) Nuc Acid Res 19:7219-7223) ^ cntiatrve pathw "^ 

Id addition to degenerative-induced dementias, the sub- 

ject gene therapy systems can be applied opportunely in the Exemplification 

treatment of neurodegenerative disorders which have mani- t 

festations of tremors and involuntary movements. Parkin- The invention now bong generally described, it will be 

son's disease, for example, primarily affects subcortical 60 more readily understood by reference to the following 

structures and is characterized by degeneration of the nigros- examples which are included merely for purposes of fllus- 

triatal pathway, raphe nuclei, locus cereleus, and the motor Nation of certain aspects and embodiments of the present 

nucleus of vagus. Ballism is typically associated with dam- invention, and are not intended to limit the invention, 

age to the subthalmic nucleus, often due to acute vascular A prototype embodiment of the CDK inhibitory fusion 

accident Also included are neurogenic and myopathic dis- 65 protein described above was derived from the fusion of the 

eases which ultimately affect the somatic division of the coding sequences from the human p27 and p 16 cDNAs, The 

peripheral nervous system and are manifest as neuromus- nucleotide sequence for the fusion gene encoding the p27- 
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26 
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IS 



pl6 protein is provided in SEQ ID No. 1, with the corre- 
sponding amino acid sequence being designated by SEQ ID 
No. 2. The construct includes a poly (His) leader for 
purification, along with a hinge region including a 
(GfytSer)^ linker to permit proper folding and breathing of 
each of the p27 and p 16 portions of the resulting protein. The 
sequences for both human p27 and human pl6 have been 
described in the art Briefly, the p27-pl6 fusion protein was 
constructed as follow. 

The expression vector is p27-pl6 from US BiocehndcaL 
To construct the p27-pl6 fusion, first we PGR amplified the 
p27 coding sequence using the following primers: 
N-terminal primer: (SEQ ID No. 3) 

TCAAACG-TGCGAGTGTCT-3' This primer carries an 
Ndel site and 6 his ti dine codons that are inserted between the 
ATG and the second amino acid of p27. 
C-terminal primer: (SEQ ID No. 4) 
5'<iCCGCCGGCGTCGACTCXKjCCGAArTCGGArCC- 
ACCCXCGCCGGAACC-GCCACCCCCGCTGCCCCC- 
GCCACCCGTTTGACGTCrrcrGAGGCCAGG-3' This 
primer carries the (Gly 4 Ser) 3 repeat and EcoRl, Sail and 
Hind3 restriction sites and ftiiminatfrg the stop codon of p27. 

The p27 PCR product was cut with Ndel and Hind3 and 
inserted into pT7-7 cut with Ndel and Hind3. The resulted 25 
construct was cut with EcoRl and Sail and a full length pl6 
PCR product was inserted as an EcoRl -Xhol fragment The 
position of the EcoRl site allows die in-frame insertion of 
pl6. The rest of the hinge region between the p27 and pl6 
coding sequences derives from the 5' end of the pl6 cDNA. 30 

The pT7p27-pl6 expression plasmid was transformed 
into BUI cells. Far fusion protein expression, cells were 
grown in LB+50 ug/ml ampicillin at 37 C to 00,^(^=0.8 and 
protein expression was induced by IPTG (final; cone.: 20 
mM) for 4 hours as 37 C. Cells wear collected and the pellet 35 
was frozen at —80 C The preparation of the cell fysate and 
binding to a Ni 2 ^ charged seph arose resin (Invitrogcn cata- 
log no. RS01) was done according to the manufacturer's 
instruction (tovitrogen; sec also Hochuli et al. (1987) J. 



The purity of thep27-pl6,p27, and pl6 preparations were 
normalized using pi 6 and p27 specific antibodies. 

The kinase inhibitory activity of the p27-pld fusion 
protein was determined using an in vitro kinase assay in 
which the kinase activity <rf a particular cyclin/CDK com- 
plex was measured for varying concentrations of fusion 
protein. Briefly, the assay employs Sf9 cell extracts that were 
made from cells mat were ccrinfccted with the proper CDK. 
and cyclin expression constructs. Typically, 44 ug of Sf9 
extract in 50 |il of 50 mM Tris/Cl pH=7.6, 10 mM Mgd^ 
1 mM DTT, 25 pM ATP, 10 uCi 32 P-y-ATP was used in the 
absence of the presence of (he particular inhibitor (inhibitor 
concentration was between 25 nM to 1 uM). The reaction 
was carried out at 30° C for 30 minutes using 2 ug of Gst-Rb 
as a substrate. Gst-Rb was recaptured Using GSH-agaraose, 
separated on 10% SDS/PAGE and stained with Comas sie 
blue. After autoradiography the GST-Rb bands were cut out 
and 32 P incorporation was measured. 
The concentration of p27-pl6 fusion protein at which 
20 50% of the kinase activity was blocked (TCjo) was calcu- 
lated for various cyclin/CDK pairs. The results are indicated 
in Table L 

TABLE I 

25 ■ 

Inhibit ice of eyefin dependent ktcue complexes by p27-pl6 fusion 



. iter 



CDK4/cyclin 
Dl 



CDK2/cydm E CDK2/cyclin A cdc2/cyctin B 



p27-p!6 
pl6 



25 urn 
63 am 
250 nm 



30 nm 
52 nm 
>500 am 



25 nm 
65 ran 
>300 ma 



15 cm 
20 am 
>S00 am 



Moreover, the inhibition constant, for the inhibition of 
CDK4/cydin Dl by p27-pl6 fusion protein was determined 
to be 23 nm, compared to a K, of 75 nm for pl6 inhibition 
of the same CDK4 complex. 
All of the above-cited references and publications are 
Chromatography 411:177-184; and Janknecht et al. (1991) 40 hereby incorporated by reference. 
PNAS 88:8972-8976). The bound proteins were elutedwith „ 
50 mM, 200 mM, 350 mM, and 500 mM imidazol and the Equivalents 
fractions were analyzed on SDS/PAGE The 200 mM, 350 Those skilled in the art will recognize, or be able to 
mM, and 500 mM imidazol fractions were collected, dia- ascertain using no more than routine experimentation, many 
lised against lxPBS(l mM KH 2 P0 4 , lOmMNa^HPCX,, 137 45 equivalents to the specific embodiments of the invention 
mM NaCl, 2.7 mM KC1, pH=7.4>f 10% glycerol and stored described herein. Such equivalents are intended to be 
at -80 C. in aliquots. -25% of the rep was the fusion protein. encompassed by the following claims. 



SBQUENCBUSriNO 

( ! ) GENERAL INPORMAnONi 

) NUMBER OF SEQUENCES: ■* 



( 2 ) INFORMATION POR SEQ H> NOtl: 

( i )SBQUENCSOUKACIEIUSnC5: 
( A ) LENGTH; 1420 bmae pan 
( B )TYPR otrVfr kH 
( C ) STRANDeDNESS: ball 
( D )TQPOLOOY: Hce» 
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C i 1 ) MOLBCCLRTTPE: cDNA 

( i x )EEATUK£ 

( A ) NAUE/KET: CHS 
( B ) LOCATION: 4J176 

( i x ) FEATURE: 

( A > NAME/KEY: mr_JaaH»» 
( B ) LOCATION: 4-24 

( D ) OTHER INFORMATION: /tabefcfOLY-HISLJIAO 

( i 1 ) SSQUENCE DESCRIPTION; SBQ ID NOU: 

CAT AT O CAC CAC CAT CAC CAT CAC TCA A AC OTO COA OTO TCT AAC OOG 48 

Met Hi* Bit Hit Hli Hit Hit Sei' All Vil Al| Val Sar Alt Gljr 
1 5 10 15 

AOC CCT AOC CTO OAO COO AT G OAC OCC AGO CAG OCO O AG CAC CCC A AO 96 

S«r Pto Sat Lou ON Arg Mot Atp Ala A» | Gift Ala Oln Hit Pio Lyi 
2 0 2 5 30 

CCC TCO OCC TGC AGO AAC CTC TTC OOC CCG GTG OAC CAC OA A GAG TTA 144 

Pio sir Ali Cyi Art Ain Leo Ph« Oly Pro V»l Atp Bli Olo OI« Leo 
35 *0 45 

ACC COG OAC TTO GAG A AG CAC TGC AOA G AC AT G OA A GAG OCO AOC CAO 192 

Thi Arg Aip Loo Olt Lya Hit Cji Arg Aip Mot Olo Olo Al» Sor Gla 

3 0 33 6 0 

COC A AO TOO A AT TTC OAT TTT CAO A AT CAC AAA CCC CTA GAG OOC A AG 340 

Atg Lyi Tip Alt Poo Atp Pic Gla Aid Hli Lyi Pio Leo Olo Olj Lyi 
65 10 7 5 

TAC OAO TOO CAA GAG OTO OAO AAO OOC AOC TTO CCC OAO TTC T AC TAC 288 

Tyr Ola Tip Gla Gla Vat Olu Lj i Oly Sar Lao Pto Olo Ph« Tyr Tyr 
10 » 5 90 9 5 

AOA CCC CCG COO CCC CCC AAA GOT OCC TGC AAO GTG CCO OCG CAO OAO 336 

Afg Pto Pro Arg Pro Pro Lyi Oly Ala Cyi Lyi Val Pio Ala Ola Olo 
10 0 10 5 110 

AOC CAO OAT OTC AOC GOG AOC COC CCO OCO OCO CCT TTA ATT OOO OCT 3 84 

Soi Ola Aip Val Sar Oly Sat Arg Pro Ala Ala Pro Lao III Oly Ala 
t 1 5 12 0 125 

CCO OCT AAC TCT OAO OAC ACO CAT TTO OTO OAC CCA AAO ACT GAT CCO 432 

PIO Ala Aim Soi Ola A»p Thr Hli Ln Val Atp Pro Lyi Tbi Aip Pro 
13 0 1,3 5 14 0 

TCO OAC AOC CAO ACO OOO TTA OCO OAO CAA TOC OCA OOA ATA AOO AAO 480 

Sor Aip S*f Ola Thr Oly Lao Ala Olu Ola Cyt Ala Oly Ma Art Lyi 
14 5 15 0 13 5 

COA CCT OCA ACC OAC OAT TCT TCT ACT CAA AAC AAA AOA OCC AAC AG A 3 38 

Arg Pto Ala Thr Aip Aip Sar Sar Hi Gla Ata Lya Arg Ala Alt Arg 

160 1«3 170 175 

ACA OA A O A A A AT OTT TCA OAC OOT TCC CCA A AT OCC OOT TCT OTO O AG 576 

Tbr Olo Olo Ait Val Sor Aip Oly Sar Pro Aao Ala Oly Sar Val Olo 
1 g 0 18 5 19 0 

CAO ACO CCC AAO AAO CCT OOC CTC AOA AG A COT CAA ACO OOT OOC OOO 624 

Gin Thr Pro Lyi Lyi Pro Oly Lao Arg Arg Atg Ola Tbr Oly Oly Oly 
193 100 205 

OOC AOC OOO OOT OOC OOT TCC OOC OOO OGT OOA TCC OA A TTC TOC OOC 672 

Oly Sar Oly Oly Oly Oly Sar Oly Oly Oly Oly Sar Oln Poo Cyi Oly 
2 10. 215 220 

COC OCO TOC OCT COO COO CTO COO AOA OOG OAO AOC A TO CAO COO OCO 730 

Arg Ala Cyi Ala Atg Atg Lao Arg Arg Oly Olu Sot Mat Ola Arg Ala 

223 230 233 

OCO OOO AOC AOC ATO OAO CCT TCO OCT OAC TOO CTO OCC ACO OCC OCO 768 

Ala Oly Set Ser Met Olo Pro Soi Ala Atp Trp Leo Ala Tbr Ala Ala 

240 245 250 233 

OCC COO GOT COO OTA OAO OAO OTO COG OCO CTO CTO OAO OCO OTO OCO' 8 16 

Ala Arg Oly Arg Val Olo Olo Val Arg Ala Lao Lao Olo Ala Val Ala 
360 265 270 
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CTO CCC A AC OCA CCO A A T AOT TAC OCT COO AOO CCG ATC CAO OTC ATO B64 
Lea Fio Aim All Pro Aid Ser Tfi Olj Arg Arg Pio lie Qlt V«l Mot 
its 2 tO 215 

ATO ATG OOC AOC OCC COA OTO OCO G AO CTO CTO CTO CTC CAC OOC OCO 9 12 

M« t Met Ol j Set All Are Vil Al* Ola Leo Leo Lev Leo Hit Olj All 
290 293 300 

OAO CCC AAC TOC OCC G A C CCC OCC ACT CTC ACC COA CCC OTO CAC OAC 960 
Glo Pro Aid Cji Al* Aip Pro All Thi Leo Tbr Axg Pro V»l Hi* Alp 
3 0 5 3 1 D 3 15 

OCT OCC COO OAO OOC TTC CTO OAC ACO CTO OTO OTO CTO* CAC COO OCC 1008 
Alt Alt Are Ola Ol j Pie Leo A i p Tor Leo Vi] V • | Leo Hii Ai| Al* 
320 325 330 335 

OOO OCG COO CTO G AC OTO COC OAT OCC TOO OOC COT CTO CCC OTO OAC 105 6 

Olj Alt Ar| Let) A»p Vil Arg Aip All Trp Ol j Arg Leo Pro Vil A»p 
340 343- 350 

CTO OCT OAO OAO CTO OOC CAT CGC OAT OTC OCA COO TAC CTO COC OCO 1104 
Leo All Olo Olo Leo Olj Hit At| Aip V*l Ala Arg T y r Leo Arg Ale 
335 3tf0 3<J3 

OCT GCO OOO OOC ACC AO A OOC AOT AAC CAT OCC COC ATA OAT OCC OCO 1152 
Al* Al* Oly Oly Thi Arg Oly S e r. Am Hi I Al* Arg lie Aip Al. Al* 
370 373 310 

GAA GOT CCC TCA OAC ATC CCC OAT TO AAAOAACC AOAOAOOCTC TOAOAAACCT 1206 
Olo Oly Pro Sor Aip lie Pro Aip 
3 »S 3 9 0 

COOOAAACTT AOATCATCAO TCACCOAAOO TCCTACAOOO CCACAACTOC CCCCOCCACA 1266 

ACCCACCCCO CTTTCOTAOT TTTCATITAO AAAATAGAOC TTTTAAAAAT OTCCTOCCTT 1326 

TTAACOTAOA T A T A AOC C T T CCCCCACTAC COTAAATOTC C A TT TAT AT C ATTTTTTATA 13 86 

TATTCTTATA AAAATOTAAA AAAOAAAACT COAO 1420 

( 2 ) INFORMATION FOR SBQ ID NOr"k 

( i ) SBQUENCB CHARACTERISTICS: 

( A ) LENGTH: 391 ttmao acid) 
( B ) TYPE: anoBO add 
( D )TXWOrjOOY:fiaear 

( i i )MCa^CUl£TYPE:pr«efai 

( * i ) SEQUENCE DESCRIPTION: SBQ ID NOO: 

Mot Hi 1 Hi 1 Hit Hi. Hii Hie Ser An V*l Arg V«l Ser Aia Oly Ser 
1 3 10 15 

Pro Ser Lea Glo Arg Met Aip Al* Arg Ol* Al* Oln Hie Pro Ly» Pro 

20 23 30 

Ser Al* Cyi Arg Al* Leo Pho Oly Pro V*l Aip Hii Oln Olo Leo Thr 
33 40 45 

Aig Aip Leo Olo Lyi HI 1 Cyi Atg Aip Mel Ola Olo Ala Ser Oln Arg 

30 55 60 

Lyi Trp Aia Foe Aip Phe Oln Ala Hi* Lyi Pro Leo Olo Oly Lyi Tyi 
«5 70 75 g 0 

Olo Trp Ola Glo V»l Olo Lyi Oly Ser Leo Pro Olo Phe Tyi Tyr Arg 
»5 90 93 

Pre Pro Arg Pro Pro Lyi Oly Al* Cyi Lyi V*l p,o Al* Ol* Olo Sex 

10 0 10 5 110 

Ola Aip Val Ser Oly Sex Arg Pro Al* Al* Pro Leo lie Oly Al* Fio 

115 120 123 

Al* Aia Sor Olo Aip Tbt Hii Leo V.l Aip Pro Ly» Tbr Aip Pro Sex 
13 0 13 5 140 
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Aip Scr Oli Tar Oly L.» All OU Ola Cy. AU Oly lie A.j Lyi Aij 

130 153 160 

Pro All Thr Aip A.p 6er Scr Tbi Ola Am Lyi Ar, Ala Aia Atg Tht 



1 65 



1 7 5 



Ola OH An V.l Set A.p Oly S.r Pi« Am AU Oly Sir Val Olo Ola 

ISO 1 » 3 190 

Tbr Fro Ly. Lyi ?t> Oly Loo A.( A.| Arg Ol. Thr Oly Oly Oly Oly 

195 200 203 

Ser Oly Oly Oly Oly Set Oly Oly Oly Oly Ser 01* Pho Cyi Oly Arg 

HO 3 1 5 2 2 0 



At t Ar§ Leu Aft Aig Oly Olo Sar Met Oln Arg All Ala 

23 0 235 

O 1 j Six S*r Mi i OI« Pro S«i Ala A*p Tip Leo 



All Cj I A 

2 2 5 



Ala Thr Ala Ala Ala 

2 5 5 



A i a Oly A>| Val Olo Olo Val Arg Ala Leo Lea Olo Ala V* 1 Ala Leo 

5i! 0 2 6 5 3 7 0 



Pro A « a 



Ala Pro A. a Sir Tyr Gly Aig Ar« Pro lie Ola Val Mot Met 
273 2»0 3,5 



Mat Oly Sai Ala Arg Val Ala Olo Lao Lin Loo Len Hit Oly Ala Olu 

290 295. 300 

Pro Am Cyi Ala Aip Pro Ala Tht Lao Thr Arg Pro Val Hit Aip Ala 

305 3 10 315 320 

Ala Atl Olo Oly Pho Leo A*p Til - In Val Val L • n Hi* Atg Ala Oly 



3 2 5 



5 3 5 



Ala Arg Leo Aip Val Arg Aip Ala Trp Oly Arg Leo Pro Val Aip Loo 
340 345 350 

Ala Oln Qli Lou Oly Bit Aig Aip Val Ala Arg Tyr Lao Atg Ala Ala 

353 360 3 65 

Ala Oly Oly Tbr Arg Oly Ser Aia HI* Ala Arg lie Aip Ala Ala Olu 
3T0 373 3»° 

Oly Pro S«r Aip lie Pro Aip 
3 «5 3»0 

( 2 ) INFORMATION FOR SBQ ID NOA 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 51 ha*, pain 
( B JTYPE: oodefc add 

< C ) STTtANDHDKESS: riagfe 
( D )TOPOLOOY:lia™ 

( i i ) MOLECULE TYPE; cDNA 

( i i ) SSQUENCB DESCRIPTION : SBQ ID NM: 

OCOOCCOOIC ATATGCACCA CCATCACCAT CACTCAAACO TOCOAOTOTC T 5 1 

( 2 ) INFORMATION POR SBQ ID NO*: 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) LENQTH: 95 dm* pain 
( B )TTPE) mckieaad 
( C > STRANDEDNES3: liogto 
( D )TOPOLOOY! fiaear 

{ i 1 ) M0LBCULE TTPB: cDNA 

{ a i ) SEQUENCE DeSCJUPTION: SBQ ID NO>* 
OCCOCCOOCO TCOACTCOOC COAATTCOOA TCCACCCCCO CCGOAACCOC CACCCCCOCT 60 
OCCCCCOCCA CCCOTTTOAC OTCTTCTOAO OCCAOO 96 
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We claim: 19. The nucleic acid of claim 13, which fusion porypep- 

L A nucleic acid comprising a nucleotide' sequence tide comprises a first CDK-binding motif and a second 

encoding a fusion polypeptide comprising CDK-biding CDK-binding motif, the first and second CDK-binding 

motifs from two or more different proteins which bind to motifs having different binding specificities, relative to one 

cycHn dependent kinases. 5 and other, for cyclin dependent kinases. 

2. The nucleic add of claim 1, wherein at least one of the 20. The recombinant transfection system of claim 13, 
CDK-binding motifs comprises tandemry arranged ankyrin- wherein the gene construct comprises a viral vector. 

like sequences. 2L The recombinant transfection system of claim 20, 

3. The nucleic acid of claim 1, wherein at least one of the whaem ™l vector is an adenoviral vector. 
CDK-binding motifs comprises p21/p27 inhibitory domain, id J^P^ ^fb^^^ 011 system of claim 20, 

4. The nucleic acid of claim 1, which fusion polypeptide ^°- assocmted ™? ™*£ 

comprises a first CDK-binding motif and a seScDK- J™***? 1 ° f 2 °' 

^ . . -^,„ . . .. ,., wherein the viral vector is a retroviral vector. 

banding rr^, the first and second CDK-^hng motifs ^ ^ mdeic ^ of ^ 13j ^ least one of 

having , <Uffi*ent bindmg speoficiUes, relative to one and me CDK-binding motifs is a CDK-binding motif of a CDK 

other, for cyclic dependent kinases. 15 inhibitor pro^Z 

5. The nucleic acid of claim 1, which nucleic acid further 25. The nucleic acid of claim 24, wherein the CDK 
comprises a transcriptional regulatory sequence operably inhibitor protein is an INK4 protein. 

linked to the nucleotide sequence encoding the fusion 26. The nucleic acid of claim 25, wherein the INK4 

polypeptide. protein is selected from the group consisting of pl5, pl6, 

6. The nucleic acid of claim 1, wherein at least one of the 20 p 18 and p 19. 

CDK-binding motifs is a CDK-binding motif of a CDK 27. The nucleic aoid of claim 24, wherein the CDK 

inhibitor protein. inhibitor protein is a QP protein. 

7. The nucleic acid of claim 6, wherein the CDK inhibitor 28. The nucleic acid of claim 27, wherein the CTP protein 
protein is an INK4 protein. Is selected from the group consisting of p21 art , P21* JF1 f 

8. The nucleic acid of claim 7, wherdn me Ir^4 protein 25 ?^ an - 

is selected from the group consisting of pl5,pl6, pl8 and Tbe nucleic add of claim 13, wherein the fusion 

p 19. polypeptide comprises a CDK-binding motif of pl6, and a 

9. The nucleic add of claim 6, wherein the CDK inhibitor CDK-binding motif of pTJ** 1 . 

protein is a QP protein. ^ ^ nudftic clasm ®» wl »i* nuddc add 

10. The nucleic add of claim 9, wherein the OP protein 30 I'S^t^ P 16 ^ 27 sequence designated in 
is selected from the group consisting of p21 CD \ p27 Ktp \ **** { ^J'. . . , . J 

and n57 jnP2 6 y * v ' 31. A nudeic acid comprising a nudeotide sequence 

11 The nucleic add of claim 1, wherein the fusion V*"*" 1 P? 1 ^^ ™niprising a first CDK- 

polypeptide comprises a CDK-binding motif of pl6, and a *«*»« 

&K^dmg^BOtif of pT^ 1 35 ^a^^ged aiikynn-like sequences, and a second 

12. The nudeic acid of daim 11, which nucleic add <^-^gir^ 
comprises the pl<yp27^ coding sequence designated in m \\ P ^ mhibitory domain. 

SEQID Na 1 nudeic acid compnsing a nudeotide sequence 

13. A recombinant transfection system, comprising en00ding J fusion ^Sf^% «™P™"g (0 a Polypeptide 

7 ^ ^ 5 sequence having a CDK-binding motif of an INK4 protein, 

(1) a gene construct induding a nucleic add encoding a « ^ M a CDK-binding 

fusioD polypeptide compnsing CDK-bmding motifs motif of a CTP protein 

from two or more different proteins which bind to 33. The DUclcic add ^ daim 32f wherein the INK4 

cyclin dependent kinases, and operably linked to a protein is selected from a group consisting of pl5, P 16, P 18 

transcriptional regulatory sequence for causing expres- and p 19 

sion of me fudon polypeptide^ « 34. ^ c DUcieic ^ of 32> wricr ein the CTP protrin 

(if) a gene delivery composition for transfecting a cell is selected from the group consisting of p21 clPl , p27 r " >1 , 

with the gene construct and pSJ**". 

14. The recombinant transfection system of daim 13, 35. A nucldc add comprising a nudeotide sequence 
wherein the gene delivery composition comprises a recom- encoding a fusion polypeptide comprising (i) a CDK- 
binant viral particle. 50 binding motif of pl6 or pl5, and (ii) a p21/p27 inhibitory 

15. The recombinant transfection system of daim 13, domain of 021™, p2l' f " >1 or pSl* 1 ** 2 . 

wherein the gene delivery composition is selected from the 36. A viral vector comprising a nudeotide sequence 

group consisting of a liposome and a poly-catiooic nucleic encoding a fusion polypeptide comprising CDK-binding 

add binding agent motifs from two or more different proteins which bind to 

16. The recombinant transfection system of claim 13, 55 cyclin dependent kinases, which viral vector infects mam- 
wherein the gene delivery composition further comprises a malian cells and expresses the fusion polypeptide, 
pharmaceuticafly acceptable carrier. 37. An adenoviral vector comprising a nucleotide 

17. The nucleic add of claim 13, wherein at least one of sequence encoding a fusion polypeptide comprising CDK- 
the CDK-binding motifs comprises tandemry arranged binding motifs from two or more different proteins which 
aiilcyrin-likc sequences. 60 bind to cydin dependent kinases. 

18. The nuddc add of claim 13, wherein at least one the 

CDK-binding motifs comprises p21/p27 inhibitory domain. * ♦ * * * 
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